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(54) Title: VECTOR WITH MODIFIED PROTEASE-DEPENDENT TROPISM 

(54) mwo)%ft: -fa =ty — ifttfttt h □ eXAtf&^ftfc^ $ - 

(57) Abstract: It is intended to provide a cell fusion type vector having repHcability with modified protease-dependent tropism. 
An M gene knockout virus vector encoding a modified F protein, in which the cleavage site of a paramyxovirus F protein has been 
modified into a sequence cleaved by another protease, is produced. When transferred into cells, this vector replicates genomic RNA 
carried thereby and thus extends the cell fusion type infection toward adjacent cells depending on the latter protease as described 
above but does not release any viral particles. Such a vector encoding an F protein cleaved by a protease the activity of which is 
fT\ enhanced due to cancer shows an effect of inhibiting cancr growth in vivo 
OS 

§ (57) k<&: 3f ptt— tftt?m h □ \£x&ifittztiit&*mtttimmk&m*t $ -£ mm? 
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L-C*7ST?*>*„ 

^MV'fA'X (SeV) &JBVvtJt^i^^**-©M38«rfTo-Ctfco SeVtt 
o!?^;w©^v-/tlto /^^^y^yw^^^— fix 

V^„ 0S*-ti* BHK2lMtMumps virus*fiife*^rS t % feft*- K^IVCSt 
t^^^tifc (Minato, N. et al. (1979) J. Exp. Med. 149, 

1117-1133) o ^^ffi^^^^y^^^^^^^ffi^^^^ 

*VO^ 0 Fusogenic protein©SiSftS*;&S£B $*iTV^. Galaniskf* 

„ measles virus <DF, HN^&M^r^ftbfc adenovirus vector^ AggfeLfctfflB 
J&^^^V^»>A^^U in vivo-eirC^jft&^LTl^ (Galanis, E. et 
al. (2001) Hum. Gene Ther. 12, 81 1^821) 0 

y?X*?vynTT~e (MMP) *J±W4fctt^7^5/-^>'T^f^'-^ 
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- (uPA, tPA) &H&3S&t&Z.b&tot>1nX^Z> (Cox, G., and 0' Byrne, K.J. 
(2001) Anticancer Res. 21, 4207-4219; Andreasen, P. A. et al. (2000) Cell 
Mol. Life. Sci. 57, 25-40) 0 Z<Dm&bVX, &mifo&ti&&M1rZ>&* W 
£:b 9 YVyfX (ECM) &Bm bfcV »0»^-et ftlMD"? 

s l&teZfDEcmftMlrzmm (MMP, uPA, tPA) £3§3IU ECK5WS¥1-S^fclc«t 

|:2o©I6§rtUV^ 0 F (fusion) gfiftte^^ tW^£T*fc5» 
t%mW&Z£l£. %9^*lJ7 9 s\t*W&^ffl\Z ; &Z>. HN (hemagglutini 
n-neuraminidase) g £ ® te^jfo.«^Bg b<D / 4 7 5 T"— If l" 

■fc 7°^ — «r*fc fo Fg 6 «*> J: t^HNM fiKfi^/^ ?W&Wbh 

mttl, ^^^©aQ^p— ^St'BKijmiLTV^So *fcM (matrix) gSffte 

U «M^**m:&@$£tt-£l/t^5. :©^^- 
c^#mf4JSSi^»t»j^ffii^^ii5^^T*jt^^A^TtgT% d^oRffO^^ * 
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?mm (fo) tt^©**-ett»w&»^stt^$-f, i&iftjfeo^ti^T— t? 

i;: J: D BBS UTFl ^ F2 $ ^5 i ^ i o t: f± u » r ©S^ete^-f i 
T*t5trypsinttO:/nxT-i?£3gmi-3^ 

ga^J#gl$«;b5r£;^£;ft-C^5 (Tashiro, M. et al. (1992) J. Gen. V 
irol. 7.3 (Pt 6), 1575-1579) 0 Newcastle disease virus. Measles virus"Cfi 

b&wLX^Z (Li, Z. et al. (1998) J. Virol. 72, 3789-3795; Maisner, A. 
et al. (2000) J. Gen. Virol. 81, 441-449) 0 

#f*NBj&^fc»[a*jxSo ^frrtift#fc*jv^T»4 N iL^teiteifcLfc^-r/^^ 

ifrfc^^SrfcfcBb&SftS. S&fc, ^t|g£^fc^F»te^fl|SeV (Li, 
H. 0. et al. (2000) J. Virol. 74, 6564-6569; WO00/70O55; WO00/7OO70) 
Alfca^bi^-f/Witf (VLP: virus like particle) ©JfeffitfSgjg 
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(WO00/09700) 0 C ft CDM;W»M !M ^A^^^VnT^^^ 
/VXT'tttrypsin^^^P xT— Wftl^tgTii ?M /VX<D^«fe§ ftV\ # 

mmx% %<Dx°tef£\,^k^ix.tc 0 mKum^^^xn, E(M*£M~$-%m 

P, uPA, tPA^^^7 P ^7 i T-^tt^JtiiLTV^5^W#<^f 5 ti•CV^S 0 
- X*%W% h tt\ r (DM^^SeV^^n f7- ^^#^j|fflM^a^^ £ fcfc 
*3tt3MMP, uPA, tPAi«IS^©m*3riSft^t>*T?lJffl Sl^M^lCi 
% oX®< SeV^ *-%ftMLtc 0 

£&fcfl!^3'3i#tf>?Sfllfifcifc (Kato, A. et al., 1996, Genes Cells 1: 569-579 

) & fflv ^tcw&, Mxmm 94 ^RNP^rps-rs c t %> $4 & 

^Jft^ttiKJt-etftVN (WOOO/09700) ft i^©MIi fCM^i^^ 
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^&?:*^V-1f-ig^ic < J;«9|^L<^fcti5, (£28. (32'C) fcfc^T 
t>*Wia*S7?OMSe©^«:^ngtfcffiTU-C^3!J x »/J^ (microtubule) <DB 

Hfcifiv^-ca^^tbfco SbK:. ftiB. (3rC) t1iMS6i»f©4i.^#3fi 
Ct-**>fc=*/v$*fctti£) fcfl£L-C#fcLTV\fc. ^^fJKl^J^fttS 

fc**. fettTV^5M^e<Dm^^^co^-C*fe5 i»^$tifc 0 « 
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s^tt©i^v^^-r ^-©jw&T-f&aEffi^^ ^-©4^*BriBfci- 
x&mm** ufc^flBfcjt^ ftottat t*fi- mummnm & x&^> 

M&foX^^&fc (Peng, K.-W. et al. , 1997, Human Gene Therapy 8 = 729-738; P 
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eng. K. -W. et al., 1999, Gene Therapy 6:1552-1557; Martin, F. et al. , 199 
9, J. Virol. 73:6923-6929) % ttffttWRSItiBMto 1 ?^ y#±< SfcoTV* 

o 

£mf^ e sr £^ ^ o - ^--a 6 # . w/^^va «fh a © 
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C23 ^/K*^-efc5, Cl) fc|Bft©tt^ % 

[7] i/nf7- ^fc«torSS$tt5S3?!ias, Pro-Leu-Gly x Pro-Gln-Gly, 
SfcfiVal-Gly-Argtr&t?* CD frb C6] ©V^TftiWClBtt©^**:, 
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[10] ^7$^y ^-f^XO^/ARNA-CfeoT, (a) ISc&g&a— Ki"5 

(3) R^n-^T— ^©#4K:ft#LT, ARNA^^TT 5 

(i) ^7^^y>-r^O^^MMSK^^i-5»^4oV^, i^7 5 

[11] ^7^^y^-r^X©^VARNAT-fcoT, (a) ^W^^^TSM 

fesesr^p-K^s^yARNA^^ri-s^/u^^fco-c, (D* sseiM/v 

xfe^^A^ixfc«rt^^yARNA«^i-5^^^L, (2) teftgt 



WO 03/093476 



10 



PCT/JP03/05528 



(0 m^mw&nvwmikWrT, toBfofc-v&'^^fy-VJA'xm* *5 

ft, 

Cl 2] (i) Sr35«C£JlT^fT5, Cl 0] titcte [11] fc|B«0^fe, 

ci 3] xm a) ~ (ii) ti>^Ttifr<Df%MK&i<^xm&mm&m 

S:Ba**S^nf7- & 31^ BODS (ii) Ki:i8lvr®Jfc£ 

ci4) xs (i) fc&^xmMmfoX's<7$?yvj/px<DW±$!f t w&n&% 

IS (i) ~ (ii) fct>V^^©lN«8fcR|SF*S!Fae«Srl»l 

Sf5^Df7-flr#ft^5K fcSVHiXg (ii) fc*3lv-C[Eji|X£*ifc? 
-f^S^^nfT- ^-e^a-rSXmSr-^tf, (10) £fcfi [11] fc: 

Gly, Pro-Gln-Gly, 4 tc «:Val-Gly-Arg£"a 2k ^MJ^^^n^orT-^ 

Ci7) ci6) u:iaR©ae»*3-Ki-5«^ 

(18) (16) fc©ft©aeW*fctttt«ejC4r3-K1-*«»Sr^tfi>^/v 



WO 03/093476 PCT/JP03/05528 

11 

[20) ci9) te$BMt<ow&m&%-T*ibvx\ mmBM<DmmmL(DmmtK 
m&mw &w*mm lj&vv/p xt-h? ic <t o x tizmm tL^a 
est, 

[2 1) [1 9) K:fB«©g&Kar=-K«#gk 
[2 2) [2 1) KtiM<Dmtt&$tt^*?— s 

[2 3) [19) icmmom&nt. t^-mw &sr*=«- v-tzmtfrsttpj a, 
tew?-*,, 

#3§PJ! lC*5^T'<? $ ^ y £ ^ /P* £ 5: ^ y ^ /VX^ (Paramyxovirid 

ae) iz.mi-z$4^xiktc\-i^<Dmmft&m-t 0 ^^y^/w^i, 

y^RNA^r^V A^o^/v*©^— y°c[) l oT\ ^ 5: ^ y <7^f 
/V^W^ (Paramyxovirinae) 5 9 y !7^/l-;*JS fcfn «M/l-*JI £ % 

W5) „ ;^7!>^/^I, fcitJ^-ify ^/W-xjRSr&trt *5J;0^-^ 

•M/V*!^' (Pneumovirinae) (— ^—^r^4 /\y^M^XXf^ f—^.— 

j j )V7. (Sendai virus) , — # -yX/ls??§ t> ^ /V^ (Newcastle di 
sease virus), i$tz&< i*&$4sl,x (Mumps virus) , Jfe^-iVU;*. (Measles vir 
us), RS^-f/l'* (Respiratory syncytial virus), 4^ ? A"* (rinderpest vir 
us), ^X^^—^^/V^ (distemper virus), fvW^^f y7/Vxyf 1)^/1/ 
* (SV5) , U^y7^xyf ! >^;^l ) 2, 3®*2«ifetf ^ft*. j^ji 
ffclftjcfi, fflz.lt Sendai virus (SeV), human parainfluenza virus-1 (HPIV-1) 
, human parainfluenza virus-3 (HPIV-3), , phocine distemper virus (PDV), 
canine distemper virus (CDV), dolphin molbillivirus (DMV), peste-des-peti 
ts-ruminants virus (PDPR), measles virus (MV), rinderpest virus (RPV), He 
ndra virus (Hendra), Nipah virus (Nipah), human parainfluenza virus-2 (HP 
IV-2), simian parainfluenza virus 5 (SV5), human parainfluenza virus-4a ( 
HPIV-4a), human parainfluenza virus-4b (HPIV-4b), mumps virus (Mumps), 
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itMevrcastle disease virus (NDV) ^flS-g'&h,*. i U£f£ L< ti^ Sendai 
virus (SeV) „ human parainfluenza virus-1 (HPIV-1) % human parainfluenza vi 
rus-3 (HPIV-3) S phocine distemper virus (PDVK canine distemper virus (CD 
V) N dolphin molbillivirus (DMV) N peste-des-pet its-ruminants virus (PDPR) 
v measles virus (MV) N rinderpest virus (RPVk Hendra virus (Hendra) s 
Tf Nipah virus (Nipah) j&»fefcS#J; X) M$l&ih?> iM/l^/W^T^ 5 0 *H 

©HSfflrefctK ±9»*U<ttV'^trcii>-f/^JR (Respirovirus) (^7? 
^y^-f/VX^ (Paramyxovirus) i^B"?) fcJR-f'S^W^^fctt-t©!!^ 

^7^y7;Vxyf^^;VXli (HPIV-1) x t Ys^J >-7jVzl^V j ;l>* 
3M (HPIV-3) % t^ysf^y/v^-tft/jjvxm (BPIV-3) x t^/f!)^ 
/K* (Sendai virus; *5 

iW/WN^-r^^/v^^iftj^/v^ioM (spiv-10) ft^^tt-So *3£i3&- 
WjA'XtZ, 5«*, 7#«*fc, fciOlU&ttfcflligSft 

?> 0 m.fr&&.S&ftf£^ W&M&=—ttZ&ft&z.tfVx?i'*3-\r&&&,& 
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UrS lei !>&Si-5 a^ilM/v^tt, »fc*ftffr;:j; •> 

*3#E*fcttA*WlC8a;tt-$tbfcE?yi?fc!J»5. *&mK*S^T TDNAJ <t 

tts -1Wm&£Xfi^*QWA$:i£tto SfcSfc W£ =»- K1" 5 i Wt % jK V X ? 

£#fc£fc8tftfcL-C:l8»K dvo' (b) M6fr*feot, ftg&gons&ft 
coffi^ij^ % if £SJFg 6 L * V v/ n x t? f d J; o T £ ft 5@B?iJ t-ff 

( i ) BPS^ft^A^ftfcUBjfert-cR^y ARNA^rig^-rs^^^r-rs,, 

o 

(3) i/B77-f©#4{cft#Lt, fM^##^A£ftfc«^!irf3 
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(RNP) -efeoTiv\ RNPfi, W^tffiMoyhy^xy^fi/ai^mbm 

* fc^ 7 ^ ^ y tf 4 A** (Off J ARNAt 9 y »m tf> £ /V* M & 

Lr|»^^$ttS«^^ORNA^B- 5c 5 * y 9JA'Xtt—*m*# 
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m (mm) -m^m^mm (smn) -tucj^^e^oRF^- 

5 N (^^Wt/VF) N P % feit>X 

U fe5@©«T*M^(CHN^&®^^< (Markwell, M.A. et al. , Proc 
. Natil. Acad. Sci. USA 82 (4) : 978-982 (1985)) x Fg&ft©^Jg$!itfSj5fofc-t- 

W^n*>f/v;*H NP P/C/V M F HN - L 
/K7*7^^VV;*S NP P/V M F HN (SH) L 

^e—try !>-f^JR NP P/C/V M F H - L 
09x.fi£>*7 5 ^y«^^yVX|4 (Paramyxoriridae) (DUX¥u p j (Respir 
ovirus) ^S^ttS-tr^y-Y ^^/^^®^^-(D^Sffi!^JcD-r— $"<—^<D 
Tf-tyl/s^&ti^ NPiHS^CO^-Cte M29343. M30202, M30203, M30204, 
M51331, M55565, M69046, X17218, PiUS^O^Tfi M30202, M30203, M30204, 
M55565, M69046, X00583, X17O07, X17008, latfe^lColvftt D11446, K02742 
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, M30202, M30203, M30204, M69046, U31956, X00584, X53056, FJt^^oV^T 
(4 D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, X00152 
, X0213U HNate^fcoVvtHc D26475, M12397, M30202, M30203, M30204, M690 
46, X00586, X02808, X56131, L3t^fT-|COV^Ttt D00053, M30202, M30203, M30 
204, M69040, X00587, X58886£#)i<Z>^ fc 0 *fc^r©fl&©^/^#=»— K^S 
PJA'Xykf&F'&Ww-t'ftfts Jflt^rf-lEO^-CttU CDV, AF014953; DMV, X75961 
; HPIV-1, D01070; HPIV-2, M55320; HPIV-3, D10025; Mapuera, X85128; Mumps, 

D86172; MV, K01711; NDV, AF064091; PDPR, X74443; PDV, X75717; RPV, X6831 
l; SeV, X00087; SV5, M81442; &<J:lF Tupaia, AF079780 N Pit^^oV^"C{4, 
CDV, X51869; DMV, Z47758; HPIV-1, M74081; HPIV-3, X04721; HPIV-4a, M55975 
; HPIV-4b, M55976; Mumps, D86173; MV, M89920; NDV, M20302; PDV, X75960; R 
PV, X68311J SeV, M30202; SV5, AF052755; $$3:X$ Tupaia, AF079780, C3tfis=f- 
{COlvtW: CDV, AF014953; DMV, Z47758; HPIV-1. M74081; HPIV-3, D00047; MV 
, AB016162; RPV, X68311; SeV, AB005796; Tupaia, AF079780, IfltGrf- 

{COVvCtt CDV, M12669; DMV Z30087; HPIV-1, S38067; HPIV-2, M62734; HPIV- 
3, D00130; HPIV-4a, D10241; HPIV-4b, D10242; Mumps, D86171; MV, AB012948; 

NDV, AF089819; PDPR, Z47977; PDV, X75717; RPV, M34018; SeV, U31956; *5<t 
T$ SV5, M32248, FJt^f-fcoV^Ttt CDV, M21849; DMV, AJ224704; HPN-1. M223 
47; HPIV-2, M60182; HPIV-3. X05303, HPIV-4a, D49821; HPIV-4b, D49822; Mum 
ps, D86169; MV, AB003178; NDV, AF048763; PDPR, Z37017; PDV, AJ224706; RPV 
, M21514; SeV, D17334; *5j;tf SV5, AB021962, HN (H^fcttG) JtfcWolvC 
fit CDV, AF112189J DMV, AJ224705; HPIV-1, U709498; HPIV-2. D000865; HPIV-3 
, AB012132; HPIV-4A, M34033; HPIV-4B, AB006954; Mumps, X99040; MV, K01711 
; NDV, AF204872; PDPR, Z81358; PDV, Z36979; RPV, AF132934; SeV, U06433; 
tekU SV-5, S76876 #00*-? t 5. ffiU frXft%L&(Olfe&jBlhfrX$3 
<0. »<^V^± D±IBfcW*bfcW©E^e>*5a^t>fi^*. 



WO 03/093476 



17 



PCT/JP03/05528 



/ARMAfc*5V^*t>5'fcjSVM)RFtt % 5' h W 7-^£^0RF£<ftF^K:EgB» 
tt» itLb2oOORP©|iattt:E-I-SE^Ifij^3&V\ if ^ ^ V /V* 

$IK1. 3' y-^-^#taR£ x N, P, (M N ) F, HN, *3.fct*Lga«fc=*-K-t-S 
ORF^ffi^M^ -ttUcg^-tB' h W 7HS«^EiS$^S £ t LV\ & 

09*.tf3* y-^-^t3 , {c:ft^ ) iav^!>^y^^se®0RFi:Op H ^ 
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A'tZZb&M.iz.L'^ (Journal of Virology, Vol. 67, No. 8, 4822-4830, 199 

tzu^mitim^mMKiitomn-fzzt&x^z (wooi/18223) 0 ? 
oft < KWAi-z u b*$m < % 5' oft < \mx-rz> m mm* 

3' £~##rV , » 5^ A^iH-lK^i 2# @ C>jlfe-7-©0RF©^}CJf A LT t> «fc V \> 
& W<£>4£ V ^ % O jc'-f 5 ft b* L T\ £ w ^X-<^ ^ £> ©5Sfl U^/U^ < 

5. «5g#seK©io-e&5HNge{rtix *ifiiM»-efe5^^ 
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(hemagglutinin) ISttt J 4 V % ~j?—l£ (neuraminidase) fiH$E.t<DW 

*^©tF£fc^5SeVtf>#§IBtt#B*fc»SM-<5 (Kato, A. etal., 1997, J. 
Virol. 71:7266-7272; Kato, A. et al., 1997, EMBO J. 16:578-587; Curran, J 
. etal., W001/04272, EP1067179) 0 i©i 5*P*fb^^— f±» in vivo * 

o 
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v^ 0 ^7^^y^^©Fse© (fo) r±. ^©**^»3iwjiwik^?stt^ 

LTl^ 0 FS-S«SrlWSi-S £©J: 5 M±©FS6IT£Jgl©fl-$J<z> 

£p?>*LT:fe<9, ^*l^te»ft©furin^<E> h V ^^077- ^tCt 9 £J»r 

furinte, KfcAy^O*BJiao=f/V5?f|:K:*lWK:#^cr6. furinOWSfrt^- 
Arg-X-Lys/Arg-Arg (RXK/RR) (7*^K#kftfc20©T 
"OfeS ^tt©ii5V\ Human PIV3 (RTKR) , SV5 (RRRR) , 

Mumps virus (RHKR) „ NDV (virulent strain) tfSMW (RQR/KR) v Measles viru 
s (RHKR) , RS virus (RKRR) ti^m^W^\^ilb(D=e^'-y<Dm^W<>X 

jj, ^WM<Di&\,\ Sendai virus (PQSR) „ Human PIV1 (PQSR) , NDV (avirulen 
t strain) H#tfc (K/RQG/SR) ^fiC©^— 7t^"Cri* fe"f ^ tUy^f 
T—- €fgJ$@B?ijT*fc5Arg©^oTV^o ^=7 %9V $4 ^(DFM&WfflUU 

-etS (^^tf^^f/V^^, ttl^E-IB*, «3*»JS, 1997, pp. 247-248 

&M) . 
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wmxmm z&tctj ^ ofm eg, t> z> v ^ t^mmmt. it ttm^-vm e 

*5it5/*fcttifAtz:j;03fe*U I©/pfr- tfMJ; UBS**!* 

(W001/20989) 0 ZL<D£5fcm&MMX*ftms%>Z>-7v'TT— J gXmWl£ftZ>Wi 

tt^ttft^tLS^oxT— ^o^iifgE^j^OT-rix^ SGft»rt-e©*wsftt- 
X<Dfr (09*tfWJ&©£JM^rt"?0*) 4fr£ttK:*W1-6^ 
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A;w^y, ga^giA^WgiJlAtisrJ-s^tr^v- ^nfry^^ 
l n jK5&e^!i©5i#^9i< t^&tbTv^So jj/w^^mmmn (Kar 

lsson, J.O. et al. (2000) Cell Biol. Int. 24, 235-243) LT8\ L 
eu-Leu-Val-Tyr t^MW^b IrXM^btlX^Zo 

-fnv-ry— AvxfAii ^miSrt^*5Jt-5ji^^ot^i)6t)^ 

) , ^fc*=^>1&£@f?|f (E2) ^TJ^tf*^ £ (E3) ItiSiiGRW* 

^fob<Dmmm&<omnfc*t>£>x£<(Dmmm j *-rz> 0 26s ynf7y-A 

K:*t-t-5^#X«i L-r}iMx.f^Leu-Leu-Val-Tyr^^V^f)i^•CV^5 (Reinheckel 
, T. et al. (2000) Arch. Biochem. Biophys. 377, 65-68) „ 
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h y y^x##f 1^ MMP^^Oifi^St^^r ^ y -©ADAM (a disi 
ntegrin and metalloproteinase) *SJgHS^@ £frbW5 0 #l31ADAM 

TS (ADAM with thrombospondin motif) ^fttftt^Pft^'J (T^!)# 
y) <DftM\^&MV>%PMb%7LbXlX^Z> (Tortorella, ED. et al. (1999) Sc 
ience 284, 1664-1666) 0 ADAMTS&C «t o "Cagrican^ 5 ^^ £ tltc%£$lffi ! W'Rz c? tb"C 
V^S (Tortorella, M.D. et al. (2000) J. Biol. Chem. 275, 18566-18573) „ 
rtLbO^oxT— ©»»S^iJSrfflV>* arte* «K ^of7-f« 

£ tt^Stt^/Lif 5 . £ £ Xfr&tDfcmte 

X7ps>K ELISA, &&tfc»fc£fcJ;0a^5;i£a^#ao ^fc^nxT- 
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0S£f3$llJ&*H r hV (extracellular matrix; ECM) #$?|#^f 

WHlt^H4©*l!:*3V , »-CiSH4^Jib"CV>5 (Nakajima, M. and Chop, A.M., Se 
min. Cancer Biol. 2:115-127, 1991; Duffy, M.J., Clin. Exp. Metastasis 10: 

145-155, 1992; ^Atg* TOte^ b y * , tttttlb MM m<o 

3Stfrffc£3EgU , WB¥£t, PP- 124-136, 1993^) . Ifr^&l vtte, IllJfiffi 
j£<*ivO*So «^hy y^*©fife#fc LTtt. ftfW&fctt, 37-yy< 

^#^{iECM^fi?^{Cj;5ECM(D^il^< Ht>oT*5 9. ^BIBCM^?»*© 

o 

«©^@, is£> mt. 

frfc"C#<©&#:KJSfc:H#l/T:v^o iryi^n^T-HtofStttt* - 

jtt^jlilll^JSilftrt^^-fS-feP y^axT— if-f ^fctf* — (serpin) tC^o 
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/y^^/^yT^f^^- (plasminogen activator; PA) tWVtif 
9— T-foS^^Z-^T^^-*— If* — (plasminogen activat 

or inhibitor; PAI) #ff5lJ#PLTl^ 0 PAfctes JkM@(cM^-T5MMPA (tP 
A) £ N ECM^^M^-r^^ndr^— ^^PA (uPA) £^£>6 (Blasi, F. and Ve 
rde, P. Semin. Cancer Bio. 1:117-126, 1990) 0 ^tlb<D20(DPM%^ PAI<!:#£ 
&-f&t : £CDfcmsm. ; g&foZ> (Cajot, J.F. etal., Proc. Natl. Acad. Sci. 
USA 87:6939-6943, 1990; Baker, M.S. et al. , Cancer Res. 50:4676-4684, 199 
0) „ uPA{i»*®COuPAl^-k^- (uPAR) t fe&VtcftMXfcm-f 5 - t&X 

(Tanaka, N. et al. , Int. J. Cancer 48:481-484, 1991; Boyd, D. et al. 
, Cancer Res. 48: 3112-3116, 1988; Hollas, W. et al., Cancer Res. 51: 369 
0-3695, 1991; Correc, P. et al., Int. J. Cancer 50: 767-771, 1992; Ohkosh 
i, M. et al. , J. Natl. Cancer Inst. 71: 1053-1057, 1983; Sakaki, Y. et al 
., itll 17: 1815-1821, 1985) 0 

uPA, tPk<D$iWimmz^>^X(Dffi3Zk£< ft&*VCV^3 (Rijken, D.C. et al. 

(1982) J. Biol. Chem. 257, 2920-2925; Wallen, P. et al. (1982) Biochim. 
Biophys. Acta 719, 318-328; Tate, K.M. et al. (1987) Biochemistry 26, 33 
8-343) o — Jl£fcfflV^btl/W<5 substrate gB^J^VGR (Dooi jewaard, G. , and KL 
UFT, C. (1983) Adv. Exp. Med. Biol. 156, 115-120) Substrate S-2288 (I 
le-Pro-Arg) (Matsuo, 0. et al. (1983) Jpn. J. Physiol. 33, 1031-1037) X 
hZ>o Butenaste54«g0^ft»£JllNT. tPA{£^3#^±tf)]i5^g2?lJ£il 
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tfL (Butehas, S. et at. (1997) Biochemistry 36, 2123-2131) , FPR, VPRtfS 

•So 

pay^M (3W*fcJ:0iStttffc1"S) ^Sriatfc-f-S^x^VB (Sloane, 
B.F., Semin. Cancer Biol. 1:137-152, 1990) „ ^Prt^!)*^ 

v'^L (Kane, S.E. and Gottesman, M.M., Semin. Cancer Biol. 1:127-136, 199 
0) % 7 5^, 7^^P^^^V N T'pW!)*^ T^^^BSo 

£tfL (fiHt-fc) &SSffc"t'S*7 l ^>'^D (Rochefort, H. , Semin. Cancer Biol 
. 1:153-160, 1990) ftJftfSaptfbjh/S. 7J7"'7 P v'VB*3 it/Lfi#ICfL^^ (Sp 
yratos, F. et al., Lancet ii: 1115-1118, 1989; Lah, T.T. et al. , Int. J. 
Cancer 50: 36-44, 1992) „ fris S ~' r (Shuja, S. et al. , Int. J. C 

ancer 49: 341-346, 1991) fc: 5ft < 38^1,-0*3!) % W&m : f'k<0)89&G>&&t1&<D 
IH^bfcOBB^fc^ftSJvCV^ (Sloane, B.F., Semin. Cancer Biol. 1:137-1 
52, 1990*, Kane, S.E. and Gottesman, M.M., Semin. Cancer Biol. 1:127-136, 
1990) „ 

^07*077-* (metalloproteinase) ttZnft g<D4&5&t$?£tt&MW&li 

^^iC*-^ M> ^^^^0 7*0 77^ (matrtix metalloproteinase; MMP) 
^#^£*bTl^„ ft^^MMPt 37^-^-U 2, 3 (MMP-U 8. 13 

) % if 7^-7— fc?A % B (MMP-2, 9) % X \> V * 9 4 *S>U 2, 3 (MMP~3 X 10, 11 
) „ vhJ^'fVy (MMP-7) , fi^o/PTT^ (MT1-MMP, MT2-MMP) 
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5„ SfcSWESlS* (latent MMP£fcf3ProMMP^ 9) LT#S&£*U jftM^I- 
t fcr^—t?fc-5tissue inhibitor of mettaloproteinases (TIMP) ^ioflStt 

-Wmfbhs M£mamj&W&Wtel?*#M1r?>7^ /^7W--tfN/CDi3 

%(D%>T?=i 7 & (collagenase) (MMP-1, 8, 13) fi % — f> 

-efcSI, II, HlS[37-y^^J : Sr#SWa5&-C§J»rt5. -t?7^— ^ (gel 
atinase) ft, •Vv'tfr*-' t?A (MMP-2) *5 <fctfi-?77^— ifB (MMP-9) ©20©^ 

£r:£fl¥l~<5 0 ^hn^7^f^ (stromelysin) (MMP-3, 10) rtJK^Sfttt&^T 
U ^pr^!)*y, III, IV, ixSl=7*-^^ 75^, 7^cfn^^> 
fciffc^-f-So "rhVJJSs'y (matrilysin) (MMP-7) t± % ^^t^v'^ Kp* 
^£kfc&V\£^T?&>9, STOMWMMP-3i*MU ^Df^U*y 
*5itJtc9^^Vfc^i-5^!lStt^i(SV\ JUSb^n^n^T-"* (membrane- 
type MMP; MT-MMP) (MT1, 2, 3, 4, 5, 6-MMP) ttffltHiifllj&SrtolilP'T?*)*, 
MT-MMP&. ^n^fKhV^ ^fcSttSMfcOlHIfcifAi^lJ >>Hfe) Sr 

^-f5o iOif ASB^Jf* Arg-Xaa-Lys-Arg (XaateftigOT ^ J » 

tt-fb^tbSo MT-MMP t Utfl, MT1-MMP (MMP-14) „ MT2-MMP (MMP-15) , MT3-MMP 
(MMP-16) „ MT4-MMP (MMP-17) N MT5-MMP (MMP-23) % &£T$ MT-6-MMP (MMP-25 
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) fc£#fc€>*u ^jxiffMTi-MMPtii, ii, iim*7-?^%. mz-mpmnm^ 
=iy ^i— i? (mmp-1) immifooiimKms-vx&v . ^mmmxh^m^ 

'<M$fe&$E.bfaMl'X^Z> (Wooley, D.E., Cancer Metastasis Rev. 3: 361-3 
72, 1984; Tarin, D. et al., Br. J. Cancer 46: 266-278, 1982) 0 94 
7lV=*7tf1—e (MMP-2, MMP-9) t£±&m&fcte^Xm&b&&Mb GO 

T3KM\^MM&ftfo& (Liotta, L.A. and Stetler-Stevenson, W.G. , Semin. 
Cancer Biol. 1:99-106, 1990; Nakajima, M. 10: 246-255, 1992) 0 

^fp^y^f^ (mmp-3) b&m(D±Bi®m.m<Dmmtfci®misX^z>z 

t&%abtlX^Z> (Matrisian, L.M. and Bowden, G.T., Semi. Cancer Biol, l: 
107-115, 1990) „ * VxiJ-^A^S-Z (MMP-11) fm^fei^M^^^^^VN 
X&m$L&WlM&ftX^Z> (Basset, T. et al., Nature 348 : 699-704, 1990; P 
orte, H. et al. , Clin. Exp. Metastasis 10 (Suppl. 1): 114, 1992) 0 

AR (Bickett, D.M. et al. (1993) Anal. Biochem. 212, 58-64) , GPLGMRGL (De 
ng, S.J. et al. (2000) J. Biol. Chem. 275, 31422-31427) , PQGLEAK (Beekma 
n, B. et al. (1996) FEBS Lett. 390, 221-225) N RPKPVEWREAK (Beekman, B. e 
t al. (1997) FEBS Lett. 418, 305-309) x PLALWAR (Jacobsen, E. J. et al. (1 
999) J. Med. Chem. 42, 1525-1536) dS&3o MMP-2, 9<DftM&Htb LTPLGMWS 

(Netzel-Arnett, S. et al. (1991) Anal. Biochem. 195, 86-92) b PLGLG (Wei 
ngarten, H. et al. (1985) Biochemistry 24, ' 6730-6734) ^£>5» 
iftjfL phage-di splayed peptide library screening KXoX^ MMP9 (Kridel, 

S. J. et al. (2001) J. Biol. Chem. 276, 20572-20578) , MMP2 (Chen, E. I. e 
t al. (2002) J. Biol. Chem. 277, 4485-4491) , MT1-MMP (Kridel, S.J. et al 
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. (2002) J. Biol. Chem. In JBC Papers in Press, April 16, 2002, Manuscrip 
t M111574200) KM1r%^MnmmftWbfrK£tlX^Z> 0 ZftbV^jJCX, 

7KfrM£foX^Z> 0 Group insmi^K&gi&)K4m£tlZ>milX\ Argtf>ft 
^Unt LXVFSIPL, IKYHSO@B^J^MMP9, UMP2XftMX%1rm-WPX<D%-5mX 

%Z>&%t\^X\,#>1sftX\^o 

WZ-lf, MfP9<D®mMWtLXIZs Pro-X-X-Hy (Xiiffit<£>?§X, Hyfii^TK'l*^ 
S£3t-f) J^fkftv #^Pro-X-X-Hy-(Ser/Thr) W£LV\ «£ >9 
x Pro-Arg-(Ser/Thr)-Hy-(Ser/Thr)^^T'#5 (JHlymX®m&&% 5) » Hy 

(i^TKttaS) £ Utli, iftkl-^^ft&V^ $l£f3Leu, Val. Tyr, He 
% Phe. Trp. Met/^tf hM a ^mk^mm^^^^X^ 

(.fflZ-ftUTOJMOGroup I, II, IIIA, IIIB &#{$; Kridel, S.J. et al. ( 
2001) J. Biol. Chem. 276, 20572-20578) % Z-^h^W^W^^^ ^ t & 
T'#5 0 *fcMMP2(CHb-C^±|S(DPro-X-X-HyT*fco-Cj:<. (He/Leu 
)_ x _ x _ Hyx Hy-Ser-X-Leu, His-X-X-Hyfr ^^"C^ 5 (Wx.^J^T©^mOGro 
up I, II, III, IV &^M> Chen, E.I. et al. (2002) J. Biol. Chem. 277, 44 
85-4491) „ MMP-7, MMP-k MMP-2, MMP-9, MMP-3, MT1-MMP (MMP-14) Sr^tfMMP 

5 (Turk, B. E. et al. , Nature Biotech. 19, 661-667 (2001) ; Woessner, J. F. 

and Nagase, H. Matrix metalloproteinases and TIMPs. (Oxford Iniversity P 
ress, Oxford, UK, 2000); Fernandez-Patron, C. et al. , Circ. Res. 85: 906- 
911, 1999; Nakamura, H. et al. , J. Biol. Chem. ' 275 : 38885-38890, 2000; Mc 
Quibban, G.A. et al. , Science 289: 1202-1206, 2000; Sasaki, T. et al. , J. 

Biol. Chem. 272: 9237-9243, 1997) Q $]£M»rM<£>8T ^ SW. P4-P3-P2-P 

i-pi'-p2'-p3'-p4' (pi-pr mx®m&tiz>) zm^-tfttf, msp-m vpms-mrgg 
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% MMP-3}* RPFS-MIMG, MMP-7&VPLS-LTMG, MTl-MMPfilPES-LRAG ■fcZ&&Yfbin 
&#Z.frt>\Z.ffl!&£tlte\i\ ttfll X. (3PLAYWAR (Nezel-Amett, S. et al. , 

Anal. Biochem. 195: 86, 1991) «if kftSo MMPCD£-$gfCte1§* ft 
AWti'OfeOx :i*lk©SE^J£Jfctfc-t-3 5 (09^.tf Calbiochem » 
Merk, ©# MMP Substrate $fft) 0 

mps^©!^©^^ aaoiaosfi • mis* mmmt. not 

-tZMv^-l — i? (MMP-2. -9) $m^X*3bZ>Z.kft%}t>tlX^?> 0 IMP-2tt, MT 
lHWPfcJ:5pro-W-2©§J»ffcJ:>)iSttftS^5o £fcMMP-9CD?gttm. uPA 
KXty^-fy?**;— pyi>*t>'7 ! 7X$>&-V< <b*K proMMP-3SrSi4^U a 
ctive MMP-SjJSproMMP-g^^tt-fb-rS^S&^^ftU ^©^Ji^O^-H-^ 

r^^#{C^-efc5o ^©J:5^nf7^i:Utl4, M^ff MMP-2, MMP-9 
, uPA, MMP-3, MT1-MMP #W e>*k #{CMMP-2. MMP-9. *5.fctf uPA^* 

O^n ^T— if »SB?lJ£if A U t> £ 1 1 S>STtypsin«^n f7- £ 5§) 
'BrSWfcSr?* h r. £ U>. i 1 ©Trypsin 
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^!i9^*-*ifAi-S*&K:tt % «^©FlWtf©N*i8fc: % if^MFliJfc^* 
**Bfc»:» iHEMFlfc:ifc-<5T 5 0* L< tt4T 5 y BWsilrtx £ 19 

o M^/WJl-fcV^ ft£F3&St©Fltftf ©N^K: Met-Thr-Ser (gE#I# 
1) ^#*DbT%, IM>tJ:5^»R^itJ^^©i»JteKiSk^^^|^ 
£n&V^t/WJLfc 0 loTs §J»m<0FlON^}C Met-Thr-Ser * fetter 

*fcttVal^©B& % ThrfcMLT{4Sertfc(iAla— Og^, SerfcLHLTttAla^ A 

^ftftjfcf^ #£U^§J»SB?!l£bT\ ^>Jx.f^MMP-2*5j;t^-9(7)§)KE^Ji L-t 
fiPro-Leu/Gln-Gly (S£?iJ#-S§- : 2) Sr£tfK?!l3r^tf 3- £ #-e#5. Z.(DmM 
tis LT#JJB£tirCV^3<g-/&S® (Netzel-Arnett, S. et al. , Anal. Bio 

chem. 195, 86-92 (1991)) fc#»©ffi?ljT?fc 0 x Ctf>IB?iJ#\ &^LfcF®6IC 

MF^S®<D^Dir#^F2Slf>t©C^*©r 5 y^^M^J^r, Pro-Leu/Gln-Gly?r 
5y»tcffia-r*S?!ISra[S^^§^ Pro-Leu/GlnH}ly&i$A1-S 
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-if K X 5 183*3 X UmWi^O^m^W^ £ ftft V ^ V . Pro-Leu/Gln-Glytf>T$iE 

L<tes Pro-Leu/Gln-Gly-Met-Thr-Ser (E#l#-fr : 3) % tfcti Pro-L 
eu/Gln-Gly-Met-Thr (EW* : 4) &-£ifEW#tf bft5o Met, Thr, *5J: 
tfSertf:. ^ /^^#«jfi^L-C% <fcl\> «t 0 « b< «U Wa«©F2K: 

, 4, 5, £fcfi6&£fl^ Pro-Leu/Gln-Gly-Met-Thr-Ser, *fcti Pro-Leu/Gln-Gl 
y-Met-Thr frbft&^KW&£frft&^W&f£*R&W*&&&± 

K(-*5VN-CF2fr>H-oc*4T^/^^S-r6ia^J (^^J:5^MWl-^ m Pr 
o-Gln-Ser-Arg 116 1 ) (E?ll## : 5 ) £fro-Leu/Gln-Gly-Met-Thr-Ser&£fCg 

ffiLTfifWafcfrfrfttVS (Turk, B.E. et al. , Nature Biotech. 19, 661-667 
(2001)) „ LTV^MMP-2 (Chen, E.I. et al., J. Biol. Chem. 277 ( 

6) 4485-4491 (2002)) RXMSP-9 (Kridel, S.J. et al. , J. Biol. Chem. 276(8 
) 20572-20578 (2001)) Ko\^X hnWtMtiftf'ff #£MMP-9KoV^ N Pr 
o-X-X-Hy-(Ser/Thr)OP3}5>bP2 > (P3-P2-P1-P1' -P2' ; ^BfrttPl-Pl' M-eS^S) 
^T'W3i/-fe>ih^@a^J (X= ^-CO^S, Hy=Bfektt«a£) asfttSftWS. 
^Oa^ir^if^Efllfi* MMP-2j£OV^Til^£;ftT^-5 O (Pro-X-X-Hy 
) \z.h&WcfZOX\ MMP-2RtW-9{cov^r#^^rai-rfc*^{i^v^if^ 
^O— oXtbZ t^Z-btlZo Z.<D&falbh. -fclH#I^LfcK?lJ (Pro-Leu/Gln-G 
ly-Met-Thir^Ser^ (iPro-Leu/Gln-Gly-Met-Thr) UV t VX%W £ ft 5 
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o -f&fribx Fge®M^»{4Pro-X-X-Hy-Thr/Ser N $ fc/ff* L < ttPro-X-X- 
Hy-Thr/Ser-Thr/Ser^tflS^J^^^bV^ ( "Thr/Ser" ttThr*fcriSer©if*,e> 
^^^•f) 0 fllfctf* Pro-X-X-Hy-Thr/Ser^aT{i^b5feV^Pro-Leu-Gly-Leu-Tr 
p-Ala*3j;t>T 5 ro-Gln-Gly-Leu-Tyr-Ala^^L<^V^ (HI 4 4) 0 Pro-X-X-Hy-Th 

9$iwi£ti,zmm&m\fbtiz>o ^mat, upmxmphnmmmntLx v a 

l-Gly-Arg Sr^tflHWW fc>;ft5 0 rOgfiW, «LfcF«R£ij0llr^tf>F2 
W^©F2$rJt®C^<£T^/^£^?>@E?iJ£, Val-Gly-Arg (|E3W§- : 6) £r 

-^tf mm \m&iriut x i \ £ 9 l < w\ h»of2£>c« i * 5 t 5 y b* 
^^N^ipjica^-rs i~ioas, mx.it u 2, 3; 4, 5, t,tci*m&* v a i- 

Gly-Arg ^fcfi^tL^tfffi?"Jice^^tbfc«FMS«$r^^ LV^fiKt LT 
4 Gln-Ser-Arg 116 i) (8H?lJ#-§- : 7 ) £Val^ly-Arg{£«&LfcFS6®£0!l^-f 5 

#J3 1) o -ftefrh, ^FgeR^Hmi--5^7^5: K-^ 

*Tyfe>Ti-6l!:tt N MMPSrlS^-t-5Hri080iWll&Srfflv^5r:fcasT?t5. fcSV^fi 

s i^m^mp^m\ivx-h^\ *%mfc3o^xmm&tifrz(DTy±<>{%k%m 
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^iHS^/ARNASr^Ai-Siifc^tS. MgUfcFg6SC*>«£fc.fc !K & 

^^•r^^-r^o ^©sescsr?«Jfflb-c. ^©/ptt>-«k*o 

HNiSMS^^fllicLfcadenovirus vector (Galanis, E. et al. , Hum. Gene Ther. 
12, 811-821 (2001)) (DrMBW&X^m-^^V-T— t?T?HSH-3afc3EFg 

SrF, HNgG'CS'a— K^-f^fc-f Z>ig&K (Spiegel, M. et al. , J Virol. 72( 
6) 5296-5302 (1998)) , ^JBSiBSfcfcV^ ^X^mi-S^PxT— 

^-rsMFMe®^fijffii-tL{^ A^MWMjfe-f-stfftij&sftWk^^ 
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mi Ky w v i w\ Kses©jfw&sfffii© Ky ^"c*> ^ s f® sscki^th: 
-C6~20<@, «t 9&£L<mo~i6R ±u»*u<r±i3~i5fflor5yBfeSr^rr 
r 5: y Ky w y^-r z> <fc 5 fcafcfc $ ftfcpg est ^ * y *? 

te-^ft^-b. ±^^»*L<^i28T5yift*fctt•?:^^K-bSr^L■rv^5 0 SkS 1 

* uv ^jg-m. Ky ^*i»oFg et(i©§iFi esc©c*as©*&28 

khi-*. ^9 5^y^^fc»*wjiaiK'&sr«i«rsi:%^fe*vs«eir (- 
tb*Fse®tP?«ns) ^ ^^«»^at^-rst#^btb6Me« (HN 

»fc£g est s:v^«Sf Ky >r ^©aB^M^ogssrtfse^&frws. 
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*fc»H) se©*-e©«$S:5gJS£Lh x <t!9 0*b<fiioas^±, 

^!lx.f^CAG'7 D n^-^— (~!7 MJ 0 T ?^s~?xi=t—$ — £CM 
VxyAyt^^©^ 7^pM-) (Niwa, H. et al. (1991) Gene. 108: 
193-199) t£¥<D&t}t£7u^-?~*U^t>^%^t*mi£^\ ^© 

^/<^^>-ttT(t P'hoW;!/^^ l^>^!>-^/^^<^i?— N r 
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9 9 — ©tfsRfi* ^Bb^fe&itMfi, (Miyakefe, 1996, Proc. Natl. Acad. S 
ci. USA. 93#, 1320-24H ; Kanegaeb, 1996. Acta Paediatr. Jpn, 38#, 182-1 
88H ; tt^tEb, ^^aT/l^— X4Hft^3IA£$8S * filWfe, 1994 
, 43-58H, ¥±tt ; M^tCfc, 1994, MX^, 13^, 8-5§\ 757-763H) fcfto 
TKafrTSilfc^tS. £fc, WjttfV'hB^W^^- (flS#:b, 1995 
, H6®M®Nt, 40#, 2508-2513M) , feitfTfyiffW/^^^ 1 " ( 
£^£>, 1995, leitl^, 40#, 2532-2538M) fc^t^ ^SnO^ifetiO 

£ #-C# 5o "*&ttttfc*W*A^tBfc*©te©*>f ;p*-<^ 

#*¥6-502069, #4^p6-95937, #<k¥6-71429#5£p ktlTl^<5 0 If n 

— ^ /VX Sr$!i3ii-5^rifefc LT«#^5p6-34727, #^^p6-505626^^p btlT 

fetl/t^S. |imx.Tx/l>-r/V^^»i-6^i:L-Ctts #^¥6-508039^ 
M (rrYVvtrX) se«£=»— K^SS^t* (MUS*)- ^^tfctt^ftfC 
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y*>%mztertmw&<D®m\mi-%^?'( i >'(** (sev) ^<o^-r^ 

^^RNA^W^^t^o^5^i-<toT^5:SF^tt6o fllfcfif* vesicular stomat 
itis virus (VSV) fttllia ©^M©^t- ^ /V^^ (VLP: virus like p 
article) (D&W&W£i£tlX*5*) (Justice, P. A. et al. , J. Virol. 69; 315 
6-3160 (1995)) , ^Parainfluenza virus©«^fcia6©*©&*^VLP;&S 
^CSdfc^f&^iVtl^ (Coronel, E. C. et al. , J. Virol. 73; 7035-7038 
(1999)) 0 ^<D£5t£m&mk'C°<DVL?J&l$.fcmVXi$, ±X<D^4 ^0RNA 
$ 4 jlsXXWL&ZtlX^&frrtXnteWK !> *>M&(DcoveKteoX 

^Z>Zb\$, ^4^X^mL$J/l'XX#mVX^Z>bm^1'%ZbtfX%Z> (Ga 
roff, H. et al., Microbiol. Mol. Biol. Rev. 62; 1171-1190 (1998)) „ 

br v^Mm^ni-mm&oM,w^^u^mvx^ur<DX 5 

5. !;*^rit04&t*S©lillBJI&JS±©P ^ (Lipid r 

afts) bmtflX\^M (Simons, K. and Ikonen, E. Nature 387; 569-572 (19 
97) ) Xh 9 x fiTriton X-100O £ 5 ttfM tyMlWl^^tt^iK 
®5>iUTlH^^tlfc (Brown, D.A. and Rose, J.K. Cell 68; 533-544 (1992) 
) 0 4)V7s (Ali, A. et al. , J. Virol. 74; 8709-8719 (2000 

)) „ J&^WVV* (Measles virus; MeV : Manie, S.N. et al. , J. Virol. 74; 
305-311 (2000)) RXfSeV (Ali, A. and Nayak, D.P. Virology" 276; 289-303 (2 
000)) mXWvYy7Y (Lipid rafts) X<D fc*!) *l'l&1&1fim8l£ffrX& *) . 
JtZ.XMM&l-t^^'^v— "T^fi (spiked i fc*fB$:fa3) ^ribonucleoprote 
in (RNP) ^ftBlL^y^-^^ffiit-trS, WhtJ^XT-t^?}) b\m (bu 
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dding) (DmW>j3bft'?X^2>k%Z-£>tlZ> (Cathoraen, T. et al. , EMBO J. 17; 

3899-3908 (1998), Mebatsion, T. et al. , J. Virol. 73; 242-250 (1999)) » 

MUSftspike^S ©cytoplasmic tail£8HH~6£ 
1rVj/VX (Zhang, J. et al. , J. Virol. 74; 4634-4644 (2000)) &t*SeV (Sa 
nderson, CM. et al. , J. Virol. 67; 651-663 (1993)) mX*7ji&tlX%><9 . * 
tcWPb(D%&&h'f >y fr^sTF*? 4 A** (Ruigrok, R.W. et al. , Virology 173 
; 311-316 (1989)) s<74 y7;Vxyf^ 4 /I^RtfSeV (Coronel, E.C. et 

al., J. Virol. 75; 1117-1123 (2001)) mX^ZtlX^Zo 35 M®6li#© 
]) J^J^OW-^SeV (Heggeness, M.H. et al., Proc. Natl. Acad. Sci.U 

SA 79; 6232-6236 (1982) RXffrl&fen folk 1 ? ■< (Vesicular Stomatitis Vir 
us; VSVtGaudin, Y. et al. , Virology 206; 28-37 (1995), Gaudin, Y. et al. 
, J. Mol. Biol. 274 ; 816-825 (1997)) ITC&^tK £;h,$>#< ©?-<V»'*= a 

v hRmm t (D&&Mfr v a /v* r± y-f v t \m<Dmmti tvx<o 

£fc N 3L^<u-7*mEi (spike^S) JcBB U-Ct>3feaSKiJ: 0 VLP3BtW*Hft>Jfc5R 

fcWfrb \,XUTV>MWim&&Z>o WZMV^fr* (Rabies virus; RV) (O^fe 
, GSe^^t^SV^-CVLP^^l/SO^^U (Mebatsion, T. et al. , Cell 84 
; 941-951 (1996)) , M^e^M^CjoV^rfil/500,000J^T« / >Ufct# J &^ 
ftWS (Mebatsion, T. et al., J. Virol. 73; 242-250 (1999)) „ Jfr 
m$4A>X (MeV) MMfi^^^feVNTcell-to-cellom^Miib (C 

athomen, T. et al. , EMBO J. 17; 3899-3908 (1998)) , ^tUitf V 
mi£htc<kXhZ>b2i'z-Z>Z-bftX*%Z> (Li, Z. et al. , J. Virol. 72(5), 3 
789-3795 (1998)) „ £fc. |^il©®fe^/L3i^«V^^±HMS ©cytoplasmic tail ( 
»®dlJ<Z>^—^) ©^^ioT&^CTV^ (Cathomen, T. et al. , J. Vir 
ol. 72; 1224-1234 (1998)) 0 |ot, Fjo £X$/$. fcfiHNM 6 ©cytoplasmic tai 
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tlSo #-U &KSeVK.*5\i^Xm&£M (W000/70070) ^ttffltftfcM (Stricke 
r, R. andRoux, L. , J. Gen. Virol. 72; 1703-1707 (1991)) fc*5V^#< <AVL 

) » ZMtl (FJtOTl) ©Cytoplasmic tail^M^&£|£^LW3r£^£ 
*l/CV^5 (Sanderson, CM. et al., J. Virol. 67; 651-663 (1993), Sanderson 
, CM. et al., J. Virol. 68; 69-76 (1994)) „ Wh. If V *>M$.<OWiXhZ> 
»i±©!Jt°5'F77f (Lipid Rafts) ^MSSi&M&^tofcSHfcSftSfcfcte: 
(i, F&OT^Cytoplasmic tail MM6fiMft}C#£L 

K7 7 h (Lipid rafts) i 

lTOh/C^5#-C*>!K Triton X-100(D«fc 5 ^'ttJMStt^J fc^RStt© 

lHWH^-"Cfe5o MMSSfepikege, RNPRtMg&£#:£K:ttJfi®£©*t£iB 
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<5o 

5#f;L<H:l/30En\ iD»*U<ttl/50«T. £>m*L<ttl/100£nN i 
9&*L<ttl/30oeiT. ±0#*L<m/5OO&Tlz:(eTL-O*S. ^SBW©^ 

L<mo 2 /mmT, ±0&*L<ttlO l /Bl«T-T?fc5. 
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o 

£fc, ^^/^©^itt, 0!|;UfCIU (Cell-Infected Unit) 
^Stt (HA) © jfflj&f- 5 - t \Z. i D & Jg-f 5 r. £ fl*"? # 5 (WOOO/70070 ; Kato, A 
. et al., 1996, Genes Cells l: 569-579; Yonemitsu, Y. & Kaneda, Y. , Hemag 
gulutinating virus of Japan-liposome-mediated gene delivery to vascular c 
ells. Ed. by Baker AH. Molecular Biology of Vascular Diseases. Method in 
Molecular Medicine: Humana Press: pp. 295-306, 1999) 0 ^JfeW-fEit 

5 (wooo/70070) o M£t£V>(*x&¥&lS*M^i^®to&&ft 

^m- (vlp#) ©ttww:. ^j^tfysK7zc^^ 3 vf^sisrfflv^f^^^*^ 

v'3^(Cj:9 : fT9-^^T*#5o ftfrfftl-ftx #iJ;ik£D0SPER Liposomal Transfec 
tion Reagent (Roche, Basel, Switzerland; Cat No. 1811169) Zft^XftoZ 
b&-Z%Z>o ^/V*^£^tf&5V^^ftV^£ IOOmM-DOSPER 12.5/zl 
*S^-U gfi-ClO#ifc«tL 6 weil^i— M:3y7;nyH^|Lfc» 
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% it h-rnm^m 5 . m^mmm^^^^o^M^^wxhox ± 

tt^^fcte^^M* (pH6.5~7.5) . 3rc. 5%C0 2 , mMmr<ommmm 
«t 5 sea® ^ mm eftofflft«stt«a* i*© 

(loss of function) <0&¥m9.*itt'&. bZW&K&^Xmfe&f&T®. 
H£W V mtf37trett8tfB#»3:i: ^ if*fctt^< £^3x6^ fiift^#H:*5 

T (^Jx.«32°C) Ti*»*®^<«*&^U ^^^fc^ffc^S^ 

m%(ofe3z&Pvotz& 'Ore) -e««tt^^^^^/v^^^«-t-2>^^ 
s^^^^-tts mms«««it^6»x -r^^-fefF^^-e^^^- 

^ ?^VK*©M®6fr<DG69, T116. j3«tU R A183i6^e>*S^«J;DaW$tl/S^'fe 
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r ^ y mm. h s v ^te© (-) urna? w /vxms e fc^ft e> t *a p 

5 / B£ly, T116 £ nm 6SCtf>116# @ <D7 $ / ^Thr. A183 £ ttlig 6fC<D183# 
B©T5/»AlaSrffii-o 

iseitsra-Ki-sa^ oetfc*) (-)$crm?^xt*£<&#£*x 

fg£;^S;i£^£nfe*V'Cl^6 (Garoff, H. et al. , Microbiol. Mol. Biol. Re 
v. 62:117-190 (1998)) 0 SeV M^fiWJC&V^Tamphiphilic a-helixt^ 

SB**L-CV^S 104-119 (104-KACTDLRITVRRTVM-119/1E?0#"§" : 4 5) ti$L : &&J& 
K]£Mt£ffiMZtL-XWl'fe&tlX^Z> (Genevieve Mottet et al. , J. Gen. Virol. 
80:2977-2986 (1999)) UK Mm&$it£(-)f^V4*XMX'&<$&f£tlX^ 

5 0 m^<or^ymsmit(r)^m^^xmUL'Xisr). nt^7^y 

{Htt^HSV* (Gould, A. R. Virus Res. 43:17-31 (1996K Harcourt, B.H. et al 
., Virology 271:334-349 (2000)) 0 lot, fllfctf SeV M^6SC<Z>G69, T116, 

SeV m&MOG69s T116 x &XfM8Zb%J&1rZm<D(-)#m'!? 4 

**n^fyn^7A (77^^VbMi^^©) £fcfiCLUSTAL W 
ftiUDTv't* l/hfcj&yvyv&ZRl^XSeV MSeS©T^y»i:SE^Mki"S 
^ £ <fc *) IH^-r^ - £ ;&ST-# So #lx.f*SeV Mg6K©G69fc:tI?!$1-S#llK6St 
©fUnlSHS^ Uti, human parainfluenza virus-1 (HPIV-1) (»fiB&fW "C 
fctl^G69 N human parainfluenza virus-3 (HPIV-3) XhtlltG73. phocine dist 
emper virus (PDV) *3 X tfcanine distemper virus (CDV) T'fctU£G70 x dolphin m 
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olbillivirus (DMV)-efetbtfG71, peste-des-petits-ruminants virus (PDPR), m 
easles virus (MV), fci ^rinderpest virus (RPV)l?;fc*U£G70 % Hendra virus 
(Hendra) 33 itFNipah virus (Nipah^foftfcJGSl, human parainfluenza virus-2 
(HPIV-2) -C&tUf G7(K human parainfluenza virus-4a (HPIV-4a)$5 itfliuman p 
arainfluenza virus-4b (HPIV-4b)T?fetif^E47 N mumps virus (Mumps) -Cfc*lfiB7 

mmfcffi^i-&£Mm&1£(OffiWlMtiLt LXlts human parainfluenza virus-1 
(HPIV-l)-efc^fiT116. human parainfluenza virus-3 (HPIV-3) -etbfc£T12(k pho 
cine distemper virus (PDV)*5 J^canine distemper virus (CDV)"T?fcix^T104 
„ dolphin molbillivirus (DMV) t?fettf*T105, peste-des-petits-ruminants vir 
us (PDPR), measles virus (MV)*5£ ^rinderpest virus (RPV)T*fctt^T104 > He 
ndra virus (Hendra) ^.tTJ^Nipah virus (Nipah) -CfctUf T120 N human parainflu 
enza virus-2 (HPIV^^oiT^simian parainfluenza virus 5 (SV5) T?fctUiT117 
% human parainfluenza virus-4a (HPIV-4a)*3 i Inhuman parainfluenza virus-4 
b (HPIV-4b)-efctl^T121 % mumps virus (Mumps) -C$>;ftk£T119 % Newcastle disea 
se virus (NDV) T?fctbtfS120^Jf b*b5 0 SeV M®eK©A183MBirt-5#llg 
^%(D^WiW&.t human parainfluenza virus-1 (HPIV-l)-Cfo;ftk£A183 

s human parainfluenza virus-3 (HPIV-3)l?fetL^F187 > phocine distemper vir 
us (PmO&^LFcanine distemper virus (CDV) -C?fc^ffY171, dolphin molbilliv 
irus (DMV)"C£>;frfc£Y172^ peste-des-petits-ruminants virus (PDPRK measles 
virus (MV)*5,fc ^rinderpest virus (RPV)-Cfc*UiY171, Hendra virus (Hendra) 
33£tMipah virus (Nipah) -CfctU3Y187, human parainfluenza virus-2 (HPIV- 
2)-efetlfiY184 x simian parainfluenza virus 5 (SV5)l?fo*U3F184, human par 
ainfluenza virus-4a (HPI V~4a) $5 J; Inhuman parainfluenza virus-4b (HPIV-4b) 
-efcttf*F188 N mumps virus (Mumps) -Cfo;fafr£F186, Newcastle disease virus (N 
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zvr^^^ MJ/F77A t^v^) teZ<D?Ar- °7°\z:£&lrZZ.b&-V 
©r^yBlfcajfti-srtJ&ifj&sWbJtSo jyfrftfctex iitt7^yitfe 
^(dw&s 2om<vxm<DT * y fife©TO^S «t ^ yet i^^ftSrftor s y £ 

^ftfcKJfciSSftfclN, mtf*yy>f ^A^MSeWKlfcttS G69E, TH6A 

% *5 ±t5Ai83s^e>3&*» J: ^^fts^mfcsvMi^tik ttiisj ^tfis 

$r£tH&©'« 7^VW^ £>MS 6 fC£JB V ^ 5 - £ 3&*T? # Z> a £ £ T?G69E £ \1 

. Mge©©69#B©T5y®Gly^61ul!:aft$ixfc^Sx T116A£«, 

116# @<bT^y ^Thr^Ala^g^^^fc^ A183StHu M^6ff©183#g O 

ST<DG69, T116, *5 < tmi83feSV^fite©^-l > y^MM6WOt@|^M^. ZzM 
tlGlu OB). Ala (A). *5£tfSer (S) ^ffft-TS £ t 5= C*bb«^ii 
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fc°h— ://5^fcLTVN;5Mg^ttlfc<ftP253-505 (Morikawa, Y. et al. , Kitasa 
to Arch. Exp. Med., 64; 15-30 (1991)) ©Ifit^-S^J^fflV^t ±V\ S 
eV Maeft©116#@©ThrKl»*rS**!>>f/l'^liae«©104»@©Thr, £fc 
riAV^^<^OMSt6ff«>119#B<C>ThrS:*!l©r$yBft (#lx.J£Ala) icg 

fltjk= Ki'&RW^S 5 (WOOO/09700) „ . #3518 (D^ *t> 
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b LTT7 RNA# V ? J— \£%mtM*Mf% U »A#y ? J— 

(Hasan, M. K. et al., J. Gen. Virol. 78: 2813- 
2820, 1997, Kato, A. et al., 1997, EMBO J. 16: 578-587 RXf- Yu, D. et al. 
, 1997, Genes Cells 2: 457-466) 0 
fr&]kfc**%M>fcWAX*% S <£ 0 Ki-%tc$>\^ ARNA£=r- Ki" ScDNA 

#:Wicii3' y-y-^t3'^^:* l ^JJav^^-f/^^^e©0RFt(DP^ 

MORFOF^ joj;^/^f c ^5'{^^igv^^-f/^X^eK0RFi5' hWy-M^ 

#iJx«^i 1 «tg^^fc^V^l^X.^^/^RNPfi, Hasan, M. K. et al. , J 
. Gen. Virol. 78: 2813-2820, 1997, Kato, A. et al. , 1997, EMBO J. 16: 57 
8-587 RTf Yu, D. et al. , 1997, Genes Cells 2: 457-466tf>!BfcHK:^CT, 

^*it^^m^tf#-^^> *-f e tt<DK5mfc^<Dcmmm&n%^ &dna 
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it). iWBSJifeWfK-oWiBSrNotUBJffi^i-S. M**?/ A±fc# ASftfc 

fcffift© 2 fiJLhO* * 1/*^ K (0* L < ttGCfcfc <£ tWCC* £©N6tI»tt8Mfc* 
3fe©gE»^3;*b^4&g, HK:#*L<ttACJT) SrSftU *©3'«R:N6tI 
»8»a&gcggccgcSrft*P U $ h KZW WKx^-y—tiffl t UTffii© 9 i& 
S£fc& 9 tc 6 ®^f^ifci©Sl^MiP U £ lc-£©3' MfcffiMOcVM 

* !7— bMUN^fctf- JJ ^DNA<£>3' <D*ffi£ "f 6 - t &&t. LV\ 

Gis iU'GCC* ^©NotI»«^fMt**©E^J^*^^^a^v^ 4i&S, * L < teA 
en) £SftU ^os'W^NotiWgpfigcggccgc^^pL, Sb^tftt'fflK:* 

^^#:^^tH"-5 (Vvb»0>5 r6©/l^-/V (rule of six) J ; Kolakofski, D. e 
tal., J. Virol. 72:891-899, 1998; Calain, P. and Roux, L., J. Virol. 67: 
4822-4830, 1993; Calain, P. and Roux, L. , J. Virol. 67 : 4822-4830, 1993) 

a ^<D77J^—KE-i-sm&\*m\iirZ>M£r\^ # A$rJt y ^dna©3' 

m \tt l^^4^7 4 As* (t>Smm<DW&&£ffl. U < «5' -CTTTCACCCT-3' (@B^U 
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##: 8) . mM<Dfaffi@mpk #*u<«:5'-AAfi-3\ mmofaffimMFL n 

^ L < fi5' -TTTTTCTTACTACGG-3' (BEW#§- : 9) , ZbK*:<DZ , mZffi&<OtMM. 

o 

lEL^m&KDzf?*^ K^SK-^So -07°7^5 F^bifAKr 
tf&Notre#J9tttU ^/AcDNA^tf7°7^5 KONotlSMfcKl* n— ^y^-f 
5. £fc:/-7*^ K^**-*#£TKttotI^fc:B£8*AU 

5 (Yu, D. et al. , Genes Cells 2 : 457-466, 1997; Ha 
san, M. K. et al. , J. Gen. Virol. 78 : 2813-2820, 1997) . tfiRtf, NotlffrJPS 
g&&£rW1"'5l8bptf>;*'<— - if*- SS^lJ (5 , -(G)-CGGCCGCAGATCTTCACG-3') (@B?!J# 
10) ^o-^Vi/^tbfc-fe^-r AcDNA (pSeV(+)) O!) 

ffi^JtNaSK^ORFtoiHJJiifAU f^^M^^f/^©/^/ A 
& (antigenomic strand) B«!) W-f AaMfc«r£tK/7* S KpSeVl 

8 + b(+)^#5 (Hasan, M. K. et al. , 1997, J. General Virology 78: 2813-2820 
) . 

£\ £V ARNA£ a - Ki-ScDNASr«0I8»*"t?^t: LT\ Iflft^rfSr^tr^ 9 7* 

fe^ftM^^tiCOT 0 ^^^ K±tfff 5. ^*A(-«, #IJx.l* QuikChan 
ge™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) &£"&flJ,fflL 
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% 1 y AcDNA<DM«£* t Wm-Z £ «fc !K Ifitfc* £&JI*#o * 

* - <D £V & =« - K1*SDNA©ftffl ^Bl't'So ^ -< ^*$(RNA * w ^ © 

097/16539; W097/16538; Durbin, A. P. et al., 1997, Virology 235: 323-332; 

Whelan, S. P. et al., 1995, Proc. Natl. Acad. Sci. USA 92= 8388-8392; Sc 
hnell. M. J. et al. , 1994, EMBO J. 13: 4195-4203; Radecke, F. et al., 199 
5, EMBO J. 14: 5773-5784; Lawson, N. D. et al., Proc. Natl. Acad. Sci. US 
A 92 : 4477-4481; Garcin, D. et al. , 1995, EMBO J. 14 : 6087-6094; Kato, A. 

et al., 1996, Genes Cells 1: 569-579; Baron, M. D. and Barrett, T. , 1997 
, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R. M. , 1996, Proc. Na 
tl. Acad. Sci. USA 93: 15400-15404) „ rtlt©»i^ 

Tk^ttnftifc^-f/w^ ffi^jpfC^A-:*. M&$4A'X* D^^b 
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(a) ^yA^n-Fi-S^FMe^WSi-^T'nxT—^O^T 

(DitT(i N a*©h9^7x^V3i^KMI^JfflT?t5. DOTMA ( 

Roche) „ Superfect (QIAGEN #301305) , DOTAP, DOPE, DOSPER (Roche #1811169 
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Srtfcfc^fcjfcODNMSAS^fc^fcfrh/tv^ (Graham, F. L. an 
d Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S. , 
1977, Cell 11: 223) 0 Chen$5 .fctMkayamate b 7^7r —&W®§i&ik$:$i 
WU 1) mj&tMEMtoOJ 2~4% C0 2 x 35*0, 15~ 

24l$|Hk 2) jmffi&K£Qmft<»h<0&mmfilft<. 3) «M*©DNA$gg 
# 20~30iig/ml©fc*Sifi*ttjR* s #bHSt^U-rv^ (Chen, C. and Oka 
yama, H. , 1987, Mol. Cell. Biol. 7: 2745) „ ©0#&}3\ -iift&hv^* 
^a^a^WSL-CV^S. ■fi-<{iDEAE-y f =3r^ (Sigma #D-9885 M.W. 5X 

io 5 ) WM*ffiMowmMlkx*mM U byi/xy^Pi'B^&ft? b 

fcSfcfcfc* 3 (Calos, M. P., 1983, Proc. Natl. 

Acad. Sci. USA 80: 3015) „ ®(D%m^m%mMkn&tlZ>J>feX\ «^ 

#<B#fle&tjtttt"3 - £ # s "?£ Z><DX\ ^ f51f J&<Dfcfe<£DM©»^<£>¥ 
A^fis h7^7i^^a Is&M&M LTV^ 0 iffJifctt Superfect Transf ec 
tion Ragent (QIAGEN, Cat No. 301305) „ DOSPER Liposomal Transf ecti 

on Reagent (Roche, Cat No. 1811169) j&Sffll^ilSi^ Z.tlt>KM&£tlt£^ 

o 

cDNA^ktf^/w^^— ©f^jfcfiJW£Wfctt$*W3fc0>± 5 &cLT?r5 

247td> b 6 ftm&O^? 7. s f'yt~7V—Y% fcttlOOmm^ h V MMX\ . 10% $ *s 
fl&ilJfiL» (FCS)^8J:TJ*i^*St (100 units/ml -i-v' I? ^G*5 £1*100*1 g/ml * h 
l/^K/f^) &-£trife>&£#Jft (MEM)^V%T^/VWIIi*5l$«*LLC-MK2 
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&rfS{£l00%=i y7;ny M£Jft5*"C$!FtlL* 0S*.f£ 1/zg/ml psoralen (V7 
W) #&T UVm^a^20^M3S-CTO^Ufc. T7 RNA*°y *y~*t*^frt 
5|fi.i&X.I7^ v^T!7 ^*vTF7-3 (Fuerst, T. R. et al. , Proc. Natl. Acad. 
Sci. USA 83: 8122-8126,1986, Kato, A. et al. , Genes Cells l: 569-579, 19 

96) £2 PFu/ftua-ciiSb$*s 0 yyw^^infi^itm^ltWMi:^!! 

-T5 r #1^1, 2~60/zg, i<9$f*U<(i3~20Mg(Dffi^x.-fe 

<7 -Y fr* 0>>f/ ARNA& 3— Ki~<5DNA§r„ !7 ^ ^RNPO^jfcfc&^fc h 9 
tf^ffi-f-S 17 JtfcfBSWS^* 5 K (0. 5~24/i gOpGEM-N. 0. 2 
5~12jtigOpGEJH\ & c fcTJ ? 0.5~24j«g<£>pGEM-L) (Kato, A. et al., Genes Cells 
l: 569-579, 1996) h ^iCSuperf ect (QIAGENtfc) SrffllVfc V i$7 iXa ^gj 

Sifcfi 2:1:2 £ fciS#* U< , K*f±. #IxJ;J1~4m g£>pGEM- 

N N 0. 5~2 m g£>pGE&H\ & J;^1~4ai g©pGEM-L@S-C)i^liMi"5o 

h y 7 * * *S 3 ^£*Tofc»{i, MSBfc <t 19 100 g/ml© U7rV 
(Sigma) R0t'>F^r5^/'>K (AraC) . £ >9 L< tt40|ig/ml©^ 
y77t7VF (AraC) (Sigma) ©2*5r-£twii JKR^ tf>MEMT*« U Vfs- 

fcl!S^©Jbi*&&IRJ£1"5 (Kato, A. et al., 1996, Genes Cells l: 569-579 
y^7*^V3^L-C«*-r*o H5^7x^i/gytts fluffy #7** h 

r ^ y * ^= ^ y # y - a & if t ^fc^Sr&j* * ^tim^a 

$Jx.tf, D0TMA (Roche) % Superfect (QIAGEN #301305) x D0TAP. DOPE. D 
0SPER (Roche #1811169) MlSo & Ky-A4n?©##&BCfc* 

N ^nn^V^P^L^r (Calos, M. P., 1983, Proc. Natl. Acad. S 
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ci. USA 80: 3015) e RNP#a*A£ftfcll^?8\ RNP^bO^^^Xjt^^lS 
^■t^X^^ — ^mUi-^^tnX^^o RNP^h7V^7ai^V3^ 

ic± o hy>*7~? i/a i^mftt'z&mt^irmMfcMkis^ztmx^? 

5^ifet?*>a. i-ftfe*>, ±IBOX® (a) % &6lMi±13Xg (a) *5it^ ( 
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ds*s*fcttX^b"C*5 0v (b) gfegpaeftrffcoT, ii&l©!^ 
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MSe£^^S^/w<HRBJS©ft^«. WT©J: 5 fcfir 5 - t^-et 5 0 

* fcttCre/loxPfc ± S3Sm*J«l** m-tZo Cre/loxP|£i» 

m.mtf7*^ y commit, m^t. ere vmv =>y\?i— ^Kx*>M.&f-B» 

%&^&£tbZ£5K&S\r£tl1t-77X^ KpCALNdlw (Arai, T. et al., J. V 
irology 72, 1998, plll5-1121). ^*3f0ffi«- ^^#.5. M^6K^^T*t 

Lfc^ttlk^^Mifc.m(FBS). ^s/p lsGl~h V l^A 50#&/ml, fcitf* h 
WW-f^y 50 j tig/ml^aLfcMEM-e37 £ C. 5% C0i"e^H-* o Cre DNAJJ 

K£\ friz $ J* (mammalian transfection kit (Stratagene) ) 

m X. lOcm-T 6 V— \ V \ 40% a y 7/1^ ^ h * LfcLLC-MK2»{;: 
10/ig©l683^7*5 KSr^ASU 10ml©10% FBS^tPMEMitlitT, 37"C<D 5 
%C0 2 -fy^r^.^<-^-^T*24B#TO*-r5o 24Bf P H mt-&fflJt&£ti^ K lOmlig 
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mzMM'&, lOcm^* — W5ft3rJflV\ 5ml lft. 2ml 2ft. 0.2ml 2fttc3|f\ G4 
18 (GIBCO-BRL) &1200 n g/ml^tPlOml©10%FBS^-^tpMEM^^(CT^ft?: : fTV \ 

mmi&KZ. «j4Wb-CtfcG418K:iBttSr*iiWJI&«:^ n-^v^y V/fcfflwr 
. HJ& Ufc# ^ n — i^fi 10cm:/ U—YX*=*l/7 fr*- ^ Y K ft 6 * T'&7< 

HNMSttu «lcF»fc^f§9H-5-£t-.fc^ F:i3j;tM£Wffi#£**t* 
5^tt*^*^&j^££*3-^-t*£5 (W003/025570) . F 

^ N 09)tfis 7f / !7-f /V^AxCANCreSr^aibO^fe (Saito et aL, Nucl. Aci 
ds Res. 23: 3816-3821 (1995); Aral, T.et al. , J. Virol. 72,1115-1121 (199 
8)) |i:,fc «K L< moi=3 @^T«£*-C?r5o 
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KBjaic h7^7x^i/3yttl) £v^U foSWSRNP&jfe£1-6£[Bil&£ 
#3891lC*3lvCH\ ±fB©XS (i) (M-vWN°-»T-RNP£i!H£-&5Xa) 

*l8W©*SfcJ:tbW!, #3&W©»M/i'*tfc : f fix fllfcfcf lxio 6 CIU/mLJ^± 
, 0*U<fi 1X10 6 CIU/nOLL* «fc90l£L<te 5X10 6 CIU/mL£*_h, «t»>»* 
L < tt 1 X 10 7 CIU/mLJ^ i V mt. U < fit 5 X 10 7 CIU/mL&±, «t 0 0* U < «: 

1 X 10 8 CIU/mL^±, £ 9 b < tt 5X 10 8 CIU/mLi^±0^fifi-e^^ /V*^£#ffl 

it^tetfBit^^lCiOSa^i-S-fc^-etS (Kiyotani, K. et al. , Virolo 
gy 177(1), 65-74 (1990); WOOO/70070) „ 

(a) *VARNA (^J^^^mXh^T^-fmxhX^) Sra-Ki-SDNAS: 

ssitmjseft) ^m-r5»-e^^-&5xs, (b) ims^ Sfe6# 

c) ^«^blBlMm^?rP^-r5Ig, (d) «ttffl*Srlfefe#l::a*ii* 
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mx*hz>o is (d) it±f&(Dm^WKxn^^tim^^\ #bftfcSM > 

t s 0 # bftfc ^-f^hy^ r±-80t-e»#-r a ^ ds-e 1 5. £ ^ ^*fl6 

tt!NL&«£?£tt (HA) «rM^i-6 r t i t> fc£"f 5 ^ t 5o HA& Tendo- 

point m i u jfej&i- 5 ^ t is-c * S ■ 

^-fLLC-MK2?iifla4- 5X10 6 cells/dish-ClOOmmCD^-lr— Wc|f< 
0 T7 RNA^y^9— ^KliO^/ ARNA©te^*ff*>*5*&K:H:, *fflM*24B# 
M8L y^W^ (psoralen) (365nm) t?20#|RM&SUS:T7#y * 

7~££3§5H*5 V *'yV1r-yYV9*s~T*7'<A'X (PLWUV-VacT7 : Fuerst, T. 
R. et aL, Proc. Natl. Acad. Sci. USA 83, 8122-8126. (1986)) £M0I mtit? 

5;/7*5: b\ *3i^9^^y5^f^©-t^^ P. U Fx *5j:tJ«HN®e 

7VX7x^ h^-S 0 ^7^.^ K<D*JfcWU mZ-&MK 6:2:1:2:2:2 

6 ^ t ds-e t tucp&g § n& v \ 5ti?mmm'&&Lmzt$. *v ^mem-c 2 mgfe 

#U 40/ig/mL<£> Cytosine j3-D-arabinofuranoside (AraC : Sigma, St. Louis, 
MO) Rtf7.5Mg/mL<£>Trypsin (Gibco-BRL, Rockville, MD) £ra-frMEM-t*Jt*1~ 
So 24H#W##SK ^38.5X10 6 cells/dish*>fc9l-MgeSr«RR3S^-t*S«lte ( 
lPvW*-jjl||&) £fiif U 40/zg/mL© AraCW7.5Mg/mL<^Trypsin^-atpMEM-e 
3Et2 BlfflsrC-e^lH'S (P0) . ^ixbOiWJSSrlelJRU ^I'y H£r2mL/dish 
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<D$.$.U^;W<~MMZ- h9V^7x^'yayU 40 n g/mL£> AraC s & «fc tflFH 6 
R & MS"? 1 5 :/n 7 1 T -1? £ra^Jfo.ii * V NMQlSrffi V ^32 < C-et&*-r S (PI 
) 0 3~14B&##±«f©-*IS«:fc!K iffe^p^UfcM^7W^»^»$ 

(P2) o 3~14 0«fc*ffcfcW«bfcl^/W^#BJtetSAlfiSfeS* 
7 0M««-f5 (P3) o Z<D£oimmn*3®&>±.M*)mtZbK£*)s *® 
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v\ if^iFsast^ vj/vxtf/jxtm— m\z&^t£<xh, ttL<o'*7$9 

»JI8tt*v\, W*tf**6ttnrt3fcS^A'* (vsv) ocaeK (vsv-G) ^timm 

t fcfttt, * >\>^9 9 - ©a esca^sms ft* - 

tbic j; 9 % vxmm-%^? 9-%m tti-r- t hxz 5„ 
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tfmtfbfoZ (W001/20989) , 

ell©^* ?-*m umKmA-ftut. ^Mfrx^wr* !?^wifif^ 
{c-<^ * - vxmm £ * v \ sip tc $ * a>* * -<omt 

oS*«**jSferifEK:W38$tLTV>5 (4>MbH, (1993), Wigft3fe$JFft©3te«l 

h=**-/HII, ^ttg»41^J , J¥£*±, *IK, PP. 153-172) . A 
flcWKifi, g»0P«r#MfcAft9~12Bia 37~38°CX^*L, 
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Pfn-;VJ , ^%k&, ^v^A-tf^-tt pp. 68-73 (1995)) 0 

J;»)»;§;L<tt50%SJUb, #*L<tt70%EU:, i»)#*U<H:80%£t±s * 5> 

*° U f - y * 7 4 Ytiti&x- X'T/l'Zm^jjW: (#4tBB62-30752#4M*x #^Bg62- 
33879*^«l. *5±tW^IIB62-30753*2t*) * HZTF? =t-**»a*#»£ 

lf/*fc«c^©^SMj5J!:!R»**5*ft (W097/32010) <fisSr^1"5 - £#-C# 3 

o 
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hVy? £ 5tt#llSft«li&«)W*^3i^T LW«fi«^ § ti5„ 

*»W©^^^J: DECM^#*i^^/bJiUfcllBJI&SrlR*»^< iti-J: <9, 

Jtok^y ^K««^ffi**7K (pbs) ^if-e^m^UTM^^-rsit^x^ 

Si-Si i^pjtg-efo-So S-S-SftS'** ^fft»* b< {^10 5 CIU/ml^b^J 
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10 11 CIU/ml, £ V) b < itmiO 1 CIU/m]> felftlO 9 ClU/ml, Mhftt. t < feffol X 
10 8 CItymlfrbmSX 10 8 CIU/ml(D|£HrtO*Sr^±^'Sr^^^4 I -X?4S-^-rS 

S-^fitt 2X10 5 CIU~ 2X10 10 cmmHV<, &#HI$:Hu l|el^fc«:«± 
^?*v 7yK ^f"^ fc^v\ ?~>\ ^fe^TO^fLfMfcflS^ih/a. 

Miffed £ JI^T *> J: v\ MfflieftUli mtf7# h-V*#©*B 
/V^^ ^©f&^tf ktbSo «0^(D^<^^— tt x (in vivo) 
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W^^imAtSFI^ (ex vivo) ^K^mK^-t^hftX^Z* 

mk\^xmztkE<DW^®ir%w&(omM w** *ai*s 

&mf btb5o Ltf>U iMt&V^^MMP, uPA, tPAft^©:/PX 
T~ if ©^m»®V n <D 5 7c#\ tT-M© jCil<D»£ £ o xm 

H|3fi N SeV18+/AF-GFP^VM*SeV18+/MtsHNtsAF-GFP^r^ F® 6 &$f$e3§5H~ 
Sffllft (LLC-MK2/F7/A) tOfi&U ^tbm32°CS.^37 < CT* 6 B P B 1ig#^©GFP3§ 

|^4tf\ SeV-F®eSr^^-T6^i!& (LLC-MK2/F7/A) fclo^T, 32«V^fi 
37'CT'trypsin;S.TMflt fcV ^MEM-t♦t£$i tg^fWCFI 6 ^Bm*trWestern- 

|g 5 LLCHl^lIBJ&fcSeVlS+GFP, SeV18+/ A F-GFP3&V MiSeV18+/MtsHNts A F-G 
FP£m.o.i. 3-e«L32°C, 37°C3lfeV^3:38 0 C-etg* L 3 0^tf>GFP|i§51£^-f M 

g|6}i, LLC-MK2«^SeV18+GFP, SeV18+/ A F-GFP^V ^ fiSeV18+/MtsHNts A F-G 
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o 

@7tt % LLC-MK2&BJ§&{;iSeV18+GFP, SeV18+/ A F-GFPgfe V MiSeVlS+ZMtsHNts A F-G 
FP£m.o.i.3-Cii^U 37X;X'mm2B'&<Dmm±3nRl$MMZ®ULX, 1 lane 
well platd#*lwell#<m/10fl^A&ffiV^ inmfcZMft LfcWester 
n-blottingfc^^&fc. «rtt^^/V^^-X^f^/V (VLP) ^OM^SO 

m 8 H\ LLC-MK2»*;:SeV18+SEAP/ A F-GFP^V ^SeV18+SEAP/MtsHNts A F-GFP 
^m.o.i.3-e«U, mmi2, 18, 24, 50, 120^m^V^y >-^Lfc*£«_h 

m 9 LLC-MK2^ffl/iS{CSeV18+SEAP/ A F-GFPl&V N«SeV18+SEAP/MtsHNts A F-GFP 

£m.o.i.3-r?«u ^#24, 50, mmmm^^v ^^vtc^m±.m(omm 

m 1 0 [4, LLC-MK2;HBJ® lCSeV18+SEAP/ A F-GFPj&l ^iSeV18+SEAP/MtsHNts A F-GF 

p^m. o. i. 3-tigifeu mmsnmz.i->-7v >yvtcmm±.mz^x&mv-< 

/V*£|eJJ&U 1 lane^!?6well platetf^lwell^-^/lOflSA^V^ 
#L#&fl]/B UfcWestern-blottingtCi: 9 5fc&fc ? -< /K*1§^— T ^/kSSr^-T 

HI 1W\ LLC-MK2, BEAS-2Bg£l^CV-l£fflll&{;i SeV18+ / AF-GFPi&W3:SeV18+/ 
MtsHNts AF-GFPSrm. o. i. 0.01, 0.03, 0.1, 0.3, 1, 3, lO^U^U ilj?f<£ra£ 

^o^m^*tt^-riH-C^5 0 RC»f©»tel:lliiSM (Triton) 
lrffiV^-C100% lysis Lfc^©'fit%100%i: Ufcffi^'filr-^bfco 
112ft, LLC-MK2«^SeV18+GFP, SeV18+/ A F-GFPS& W3SeV18+/MtsHNts A 
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F-GFPSrm. o. i. 1T»« U 32°C, 37«V Mi38T;Ti&# U M2 0 gmtfalft 

HI 3f± % A-10^fla^SeV18+SEAP/AF-GFP^V^{iSeV18+SEAP/MtsHNtsAF-GFP^ 
m.o.i. 1 T«iU 32 < tj|^te37 0 C-e*gliU l(*]h»^tri£*l!lT'«*l 

T** bfco 

B14tts A-10|ffljia^-SeV18+SEAP/AF-GFP^V^(4SeV18+SEAP/MtsHNtsAF-GFP$r 
m.o.i. 1 T«U 32°C^VN«37 < C-ei§*L, 10^»&£tr#8lT#*2H«fc: 

-T¥XTfe5 0 A-10*WiafcSeV18+SEAP/litsHNtsAF-GFPS:n.o.i. 1 TiSlfeU EC 
^M/J^©liftS^t^T$>5=vVfc^:/ (colchicine) *V^a/Hr5 K (col 
cemide) i 5 tSfebDU 32 < CTtg#Lfc 0 l«jfi?&£'£trifc«i 

m$mzm% ur»su*:iiaextfflNseo*iii&'rtjai9£*^ufc. *x 

f WTfc S« A-10ifflJl&H:SeV18+/ A F-GFP^V ^{iSeV18+/MtsHNts A F-GFP£m. o. i. 
1 TJ^SbU tt ! Ht|!fc/h#OJttfi'&Wa8T?*>S colchicine&ftlift^ 1/iM fcfc 

rift* Ltcum exuwis & ©ttjart js*est«* ufc 0 *x i^^^b^t* ufc 
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Hll 7 ft, EGFHt^Sr^rl-SlOiC^SeVy/ AcDNA©«i(5^'3f— ASrTrfBI 

i219:, ^a-=V^bfcM CR.OT) M6£ff^3§mi-5»^oVvt, Cre 
DNAi; 3Vtr^—- ^Sr55Si-S36a*Jft*.T7 f / VJA'X (AcCANCre) SrlSifetl, W 

0 2 2«, (LLC-MK2/F7/M) ^ n-^#18Rtffl62SrfflV>fcH5«C^i 

SeV (SeV18+/AM-GFP) <D$ 4 /V^fffllj^Sr^H" 3 ^"^*)*- 

SeV18+/AM-GFP(D^^/V^^0tt (CIU£HAU««te) Sr^rfH 

B24I4, SeV18+/ AM-GFP0> tf U ^ <^^flBS^©&©ICT-PCR©*§* 

02 5}3\ SeVlS+ZAM-CFPO^-f/V^^Mfi^^b^SM't^^^s LL 
C-MK2« \U&9&<Dl»1&R Ifi^iStO * >f ^XWestem-blotti 
ng-^Tl \ SeV18+GFP5.tJ ? SeV18+/ A F-GFP £ (Djt^^^r^-f^T-fo 5 D 

ID 2 6 fis SeV18+/ A M-GFP&tf SeV18+/ A F-GFPiS^LLC-MK2^IJja^±?f * <Z> ? 
-f/V^*3(ESe©je4Jfclfc («^J£f£i£LTWestern-blotting) Sr^-f^X 
T?fc*o ftSeVftft: (DN-1) £/lWc 0 

0 2 7 14 X SeV18+/AM-GFP^V^{^SeV18+/AF-<}FP$rLLC-MK2^Cm. o. i. 3TiSlfcL 

02 8it SeV18+/AM-GFP^V^±SeV18+/ AF-GFP$rLLC-MK2}Cm. o. i. 3X'iS^b 
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H12 SeV18+/AM-GFP^V^{4SeV18+/AF-GFP^rLLC-MK2|Cra.o. i.3T*^b 
, m%>5 Hm^HmXb^#±»toV^, %^*~y?Vtfy—J» (Dosper) 

<fe><5o 

Fl/F2««ft CF®e®OStt{l5fflJfl[) ©7 5/8®^©?*^ 
y^^-f-0T»fe5o •)M&^ii5^LTV^7 P Cix7~- £ (MMPi&VMSuPA) OS 
p^Sa^J^^St^iE^J^Tcdxf-V^b^o ±^feJl^lB?iJ#^- : 4 0~4 4 

o 

LLC-MK2 & W\ FO&^ioT^O^UX 7~if #;##J ^flM^MIfc 
«3£LT^5^&a^&fc 0 SeV/AM-GFP (A, B, C, J, K, L) , SeV/F(MMP#2) 
AM-GFP (D, E, F, M, N, 0) , SeV/F(uPA) AM-GFP (G, H, I, P, 0, R) <D&UfK 
&$LOSeV%1mfl&\zMPte&- : &^ mWfc 0. 1/zg/ml collagenase (Clostridium) (B 
, E, H) , MMP2 (C, F, I) , MMP9 (J, M, P) , uPA (K, N, Q) , 7.5/ig/ml Try 
psin (L, Q, R) £*Px.fc 0 40^, mft^^TilfSS Lfc 0 F£&^LTW«i^Se 
V/ AM-GFP&, trypsin»X.fcLLC-MK2-eO^ N j£& Lfc»(Dj! 0 t AU& 
Sl^-^^ib. IflM^^/^btK ^MJ&T'fcSsynthitium&^J&Lfc 

(L) 0 MMP ^SE^J^F|C»iiA/fcSeV/F(MMP#2) AM-GFPfi. collagenase, MMP 
2, MMP9 %1mz.tcLLC-MK2X\ JWJM^M^tf^btK #$$JBJl&-Cfc5synthiti 
urn^rff^ bfc (E, F, M) o — *s urokinase-type plasminogen activator (uPA 
) , tissue-type PA (tPA) ^@B?lJ^FlC|a^jiA/fcSeV/F(uPA) AM-GFPT^ tr 

&5synthitium£^J?fcLfc (Q, R) 0 
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@3 3H F&m&^^?JVJ/V^??^K3:Z>mMtifc(D-7ti-rT- 

WSPmm&MMkX'hZmmO (A, D, G) , tPA385W*T?&SMKN28 (B, E, H) 
, Zlbhto-tVrT'-' t?t>»^UTV>fcl^JtetfS|cSW620 (C, F, I) SrJflVvC> ft 

fc„ HT1080Ti*SeV/F(MMP#2) AM-GFP^^-lOg^^^^^^^^o-CV^T (D 
) . tPA^mt*MKN28r*fiSeV/F(uPA) AM-GFPO W|gM^M^^t>5^ "9 

(H) o ^^bO7 B t37 i T-^©^t>^V^SW620T*(4^<iS^^>6^^) 

H3 4tt, Phorbol EsteriCiSMMP^^F^M^M-fe^y^^^^-^^ 

MMP2, 9©38^S:gelat in#Jfi®tt#;fc S < 5 gelatin zymography 

fe^iot^mbfc (A) 0 W-^C^flS (control) , T^20 nM PMA^^oX^ 
^£frfc±^^£fflV\fct><D-e N HT1080tPanc IXW9tfV^ K# 5 5fcf&£tU MMP 
9*S|J|2(f$tl/'rV^r:t*S*>36*5o MMP2& S Pane I -C^^tff^^M (latent) <DM 

SeV/F(MMP#2) AM-GFPil WPffiWz&vXlRmilk&W^&frblri&Z. k 

HT1080©fi*5C— K^^^Srf^KUfco &Tfc£tt8K 7~9 0^*^*3 mm 
^^fc«^VNfc„ 60/*l©SeV*lft«JtaAbfc. 2BI, S^ftit 
' T««Ufco A, D, G, JtmUm, B, E, H, K/^;ft^)S«GFPOi^tL C, 
F, I, Lfi^fcttfe-e&So SeV-GFP N SeV/AM-GFPr±^AUfc*t?9 ©^*3fe 
tfS^bftS 5 (^WE, H) „ -?:tL{-ML-CSeV/F(MMP#2) AM-GF 

p-C«^^J£^5r^M^^tbfc (/^K) o ifcfcLfc SeV-GF 
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P, SeV/AM-GFPMflaioloom3fe«P^tb6<D{^U-C, SeV/F(MMP#2) A 

imagefc±oTffi*)&>&«lJ£U;fc. 0^^£ M-SeV-GFPtfSlO^ SeV/ 

A^GFP^20%-Cfe5Wi-*l-b-CSeV/F(MMP#2) AM-GFPTi±90%(D«^^btt, PJ3 

0 3 7 {4, ffl**— 5F 3fe3&0C5fc£lSeV'<* ©SJBiab*Sr 

?|©SeV££AL7Co 2 B«, SSifeAU £ SrttfftJLfCo PBS, SeV-GFP 

, SeV/AM-GFPfiMiC^^t < 45©ld*U, HI 3 6 T^Lfc £ 5 
KUK^oTV^fcSeV/FOMPlte) AM-GFP^ftAbfc^^PJ b^fcittaHH* V>££ 
-efco fc 0 t ^felC J: 0 P<0. 3 p £ Jfctfc LTft*&*#* kftfc 

o 

mmWmiOSO, tPAfgm&MKN28, ^DfT- If A^mL-CWj^SW 
620T\ x T-if 3§5ll- <fc SmGWfc^^ ? 5 J&^fc. SeV/F (MMP#2) 

b\HmmwzfflmiM^m%i&frt>frzifi. t?\mmm®28x*te. &&&& 

6>HftV\ SeV/F(uPA) AM-GFPJ4* tPA$£^MKN28Tte^tf 5 #-£>ft3;& S s MMP3S 

3S**HT1080-C««ifeiS* bft*V\, 

0 3 9 » N F#MgF gfe^M^^MSeV^^^— (^fibroblast (d«k5MMP3, 7<DW 

SW480& i tWrinrSr-fifeo Tin vitroT'f ihroblasttc £ 3MMP«^T*Fft«*£: 
^SeV^^^-^W^-r^^ifp^^fCo SW480, WiDrt inhuman fibro 
blast (hFB) ^co-culture-rSdtlCiot. SeV/F(MMP#2) AM-CFP 3«rr 5 
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£5fcftofc (B, D) o ||»O^*>b3&V^SW620■eri«t«>IMfe^i*.e>^^3feV^ (F) 

o 

H 4 0 f±, t h*ft»mMJ^<£F&«^MSeV^ * — ©UMPgftttlB 
Jfe**i"i5*t?*>5o SeV/ AlHOTtftttrypsinSrJfljiS- i Ciot©*W 
jtifrf 6<D}3:*j-L-r. SeV/F(MMP#2) AM-GFPT*(*collagenase, MMP2, MMP3, *5<fc 

Tf lffllP9"e-?:©Sgfe* s jt5ii"So 
H4 lf4, F«M^MSeV -<^^r— ©^n^-T— ^ft#WF©PISS:*i'^* 

pyf^^iotiBtfc. 1. 4, 7, 10 #F«rft&l/tV>fc^Hfcfc 

SSeV^*-* W-V 2, 5, 8, ll^F^MMP#2lS^J=Srif ALTcM^MSeV 

l^-^ 3, 6, 9, 12^F{CuPA|a?IJ^^ALfcM^^SeV -<^-£±lEO 
^nxT— £ V—^ 1, 2, 3; 0.1 ng/ml MMP9, V— V 4, 5, 6; 0.1 

ng/ml uPA, 1^—^ 7, 8, 9; 7.5/zg/ml trypsin, U—ls 10, 11, 12) ~C3TC 
, 30^«SLfc o trypsin^F^^b-CV^^V^M^^SeV -<^^- 

& x JM>9^F{CMMP#2@B?iJ<lr#ALfcM^»SeV-<^^--^. uPAA«FfcuPAfi?!lSr# 
AUfcM^MSeV ^^^-Sr-^^m^Abfc^axT-ifSMi-^oX, Fl~ 

134 2 fi, F©«f (cytoplasmic domain deletion muta 

5£lB#l#-5§- : 7 6~7 9 Q 

B; FoawteKK^ 7 

. 5 m g/ml trypsin»LLCMK2^1^-fe V 4 /V*F* KO^MfKDcy 
toplasmic domain deletion mutant £HN£ III H#3§mbfcm. 4 01, hematoxylin 



WO 03/093476 



75 



PCT/JP03/05528 



i4 3it f/hn **7?ys*?\m&ife*Mmmz±%-£#z>z.b*7Fi-mx* 

&<5o 

a: ?/m*t ?*y/<*aEfiB. m+oy ^#>-ia?iJtega?iJ#-§- : 8 0 t Lfc, 

B: F/HN 3^ 7 * «LinkerOjfA(- £ o 'C«k^lS#±#1'S. 7. 5 » g/ml t 
rypsin»LfcLLCMK2»J^^tl,mcO-fe^^ <M^*F/HN^ 7?l"<? tE 

i4 4d f/hn^t * v 9 1"<? <DFmMUit^(om^ms.^i^^n^ 

A: MMP^KSB^J^#ALfcF^F/HNdr^7^V^^O^Hl 0 ±^feJlK^SB^J# 
#• : 8 1~8 9 e 

i4 5(l F-^/^K (Fusion peptide) ^t*ftft#WV^V^^A3fg^ 

A: Fusion peptidett&lftggB. ±d»bJ|gfcI5?!l#* : 9 0-9 3 0 

B: MMP#2, #6, #6G12ACOcollagenase(Clastridium)^iPjii^{^,J:§|i^tlo 

o 

$c<£>Jh?l! ©Gelatin zymography5r^"t" 0 

^-rH-efeSo m%k2 H&©0. 3cm 2 fcfc 0 05/>e/^«>A8f[©jtRSr 
7jk-t 0 TAMJ f4SeV18+/AM-GFP, T#2J {3SeV18+/F(MMP#2) AM-GFP, T#6J ftSe 
V/F(MMP#6) AM-GFP. T#6ctl4j fiSeV(TDK)/Fctl4(MMP#6) AM-GFP, rF/HN^r^ 7 
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J ttSeV (TDK) /Fctl4 (MMP#6) /Linker/HN A M-GFP& 

mmm i ] sMStt^M^Asev^ / acdna^ii 

(Dcmm^kO* & * 0 1 fc* Ufco F^ffelBHfeKlEGFPJl^rf - Sriflfc L?cFjfc£ 
M-lr^^^W^^-^^V AcDNA (pSeV18+/AF-GFP : Li, H.-0. et al. , J. V 
irology 74, 6564-6569 (2000), WOOO/70070) SrNaeIt?^tU IBt^FSr^tflW 
# (4922bp) Srr^fo-^«**»-C^», RSI"*'^ QIAEXII 
Gel Extraction System (QIAGEN, Bothell, WA) TftUliRU pBluescript II (St 
ratagene, La Jolla, CA) tf>EcoRViM YK^^ -V^Lfc (pBlueNaelfr 
g-AFGFP<D«||) o Mjt^-^SS^tt^^^Afi-^pBlueNaelfrg-AFGFP 
QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA 

ondob#^^L-tl^3Cl. 151 strain (Kondo, T. et al., J. Biol. Chem. 268: 
21924-21930 (1993)) <DWffl&m% U G69E, T116A&tf A183SO 3 «@f©££3* 
A£fTofc 0 SgJ^A^ftfflbfc'&JSjt^-y =f©a^Jf*x G69E (5'-gaaacaaacaacca 
atctagagagcgtatctgacttgac-3' /|H^J#^" : 1 1, 5' -gtcaagtcagatacgctctctaga 
ttggttgtttgtttc-3' /@E?lJ#-S§- : 12). T116A (5' -attacggtgaggagggctgttcgag 
caggag-3' /IB?lJ## : 13, 5* -ctcctgctcgaacagccctcctcaccgtaat-3' /IB^J# 
: 1 4 ) A183S (5' -ggggcaatcaccatatccaagatcccaaagacc-3' /MM^t^r : 
15, 5' -ggtctttgggatcttggatatggtgattgcccc-3' /1E?IJ#-^- : 16) 
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Ml^±l- 3 ®Bff<£^£ ; t'f* ; 5pBlueNaeIfrg- AFGFP*SalIT??Hfl5&ApaLI-e 
SfltfH&fc«rfTV\ ^icte*^tr7 9^^b (2644bp) SrEUfeLfco -*t?pS 
eV18+/AF-GFPSrApaLI/NheI-e^^LTHNS^^tP»f>t (6287bp) SrHUfcU 
i<ft2®<ft^K* : i:Litmus38 (New England Biolabs, Beverly, MA) COSall/Nhelf" 
4 Mtf-y^n—^^bfc (LitmusSall/Nhelfrg-MtsAFGFP^H) 0 HNitfc 
^^(Dfi|g^S«^Att-©LitmusSalI/NheIfrg-Mts AFGFP_bt? > Mit^T-^ 
(^^^^A^F^lRlil^QuikChange™ Site-Directed Mutagenesis Kit£f!jffl bXKi 
tJCfBtOj^Sfem^o T ^To fc 0 HNit W±^O^^A^«^mhompson *> 
'&LTV^ts271 strain (Thompson, S.D. et al., Virology 160: 1-8 (1987)) 
©ffi^trfUJB U A262T, G264R5.OT461G<D3@3 f fcD^^A^ ; fTo^: 0 »2*A 
{cOTL/c-g-j&^y =?60ffi?IJ^ A262T/G264R (5' -catgctctgtggtgacaacccggacta 
ggggttatca-3' /IE?IJ#-S§- : 17, 5' -tgataacccctagtccgggttgtcaccacagagcatg-3 
' /IB^J#-§- : 1 8 ) s K461G (5' -cttgtctagaccaggaaatgaagagtgcaattggtac 

aata-3* /ga?iJ#-§- : 19, 5' -tattgtaccaattgcactcttcatttcctggtctagacaag-3' 

* 

— ±-Cfro 1t& x pSeV18V A F-GFP£SalI/NheTOgtf b L# btl SMRtWDCt^S: 
^•tf77^p«^h (8931bp) SrLitBus38©SalI/NheI1^>f hKl^^o—^^^b 
X^btb^y^^^ K (LitmusSall/Nhelfrg-AFGFP) &*1JJB l/T\ M&l>*HN3t£ 

fc (LitmusSalI/NheIfrg-MtsHNtsAFGFP£>1f^) „ 

LitmusSall/Nhelf rg-MtsHNts A FGFP«rSalI/Nhenf?Bfl; LTHUlX Lfc77^^ 
h (8931bp) ^fcpSeV18VAF^FP^Sali/NheI-C'?mbbT[llIt5iLfcMRt^HN^ 
fcV^!7 9 b (8294bp) Sr^^—fa yfC, VROBl8k&=F 

# J JV*£&? S J*c\m (pSeV18+/MtsHNtsAF-GFP) SrttiULfc (HI 2) 
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35fc, mfc& : &&Uk<ofc*&ft5&^ ^T^!)*^77^-^ (s 
EAP) fete+ZftMhtzcdmoffirnhft'itCo 8P%, SEAWte^-OTflEfc^ihV^ 
^W-^^Ega?U-|M*feV^^4r^r-t-5SEAP»f^ (WO00/7007O) £NotITisO 5 fctl b 

(1638bp) % S&»»fc0l|Jl-»RU P SeV18+/AF-GFP^pSeV18+/MtsHNtsA 
F-GFP<Z>NotIlM MaS&#5&A/£. P SeV18+SEAP/AF-GFPR^pSeV18+SE 
AP/MtsHNts A F-GFP tLfc (0 2) „ 

£^;*©ffl&fcr±Li&©»£ (Li, H.-0. et al., J. Virology 74. 6564-65 
69 (2000), WO00/70070) {C^oTffofCo F^^feSl^/V^*S*J*$*5fc«> 
, FSe©^/W-«— JNBjaSrSpJfflbfc. 3R^W-«*-ij«J!&f^ftfcttCre/loxP|&mfl^ 

m®&fRM&&i~&&5fcW&£tll£7 ! 7X$ KpCALNdLw (Arai, T. et al. , J- 
Virol. 72: 1115-1121 (1988)) LTct^fc 9 N P^^5.K©h7^ 

x:7 ^_^y HcCre DNA y 2&jmtzm&&*.7?S V^^X (Ax 

CANCre) SrSaitofeO^fe (Saito, I. et al., Nucl. Acid; Res. 23, 3816-3821 
(1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) T«^*t# 

> ?rLLC-MK2/F7 h WMl b ^ AxCMCreT^^FM6£^$c3§^L"0 N 5£M& 

&-LLC-MK2/F7/A t IBSH"* - £ l-t^o 

iBU8«£te££*A * -f /V* Off HtJ&«OT<2 £ 0 KftotCo LLC-MK2*fflfl&£ 5 
X10 6 cells/dish-C'100mm(DV-t-V«#s 24B#Mi&*^ (psoralen 
) t^m^^-m (365nm) T'20#«3® LfcT7# !) * ?~tf«r#9W-5 V =» ^ 
h^v^T^/V* (PLWUV-VacT7 : Fuerst, T.R. et al. , Proc. Natl. A 
cad. Sci. USA 83, 8122-8126 (1986)) Sr^fi-C 1 I*lfflifl3te**fc (m.o.i.2) 0 
mm*M.m*^t£^WUX°m$Ltc.^ -?y*^ F P SeV18+/MtsHNtsAF-GFP, pG 
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EM/NP, pGEM/P, pGEM/L&tfpGEM/F-HN (Kato, A. et al. , Genes Cells 1, 569-5 
79 (1996)) ZZXl^tlUng, 4»g, 2 fig, 4/z g&TJH/* g/dish<£>i;J£-eOpti-ME 
M (Gibco-BRL, Rockville, MD) KUKBU In S DNA/5/z Ltl^OSuperFect tran 
sfection reagent (Qiagen, Bothell, WA) £A*VC?I^U £ift"T?15#|«lifcft& 
, ft^M FBS^tfOpti-MEM 3mLl3lAtt, »^»LTi§*br£ 0 5R#ffi|i& 
^glk^£^J;ftV^MMT?2lI]^#L. 40Mg/mLO Cytosine j3-D-arabinofurano 
side (AraC: Sigma, St. Louis, MO) ROT. 5/ig/mLtf>Trypsin (Gibco-BRL, Rock 
ville, MD) ^tfMEM-C^LTto 24&W£^L 8. 5X 10 6 cells/dishfcTc 9 
lCF^e^W^-r-5» (LLC-MK2/F7/A : Li, H.-0. et al., J. Virology 74 
. 6564-6569 (2000), W000/7OO7O) £M U 40/ig/mL<£> AraC&OT. 5 n g/vL<DT 
rypsin^tfMEM-eH(<: 2 0 P^'C-agJi Lfc (P0) Q ZfhtbOmm*®®. U 

h^2mL/dishfeTc0cO Opti-MEMlC^ Lfc Q ^W^r 3 IUg&«!) Ibfct 
x h?r^<D*mc-MK2/F7/A{Ch7>'^7 = i5 r v , 3i / t, 40/ig/mL<D Ar 

aC&tf7. 5 m g/mL<7>Trypsin£^iLtt ^* ft V ^MEMSrJl V ^32^-T?it* Ufc (PI) 
„ 5-70 M*-Hi<A-£R£ t "9 . %i± fcWJH UfdLLC-MK2/F7/A^^^ * * % 
|H40m g/mL© AraC&W. 5 g/mUDTrypsin^-a^-Jktf Sra £&l^MEM£jBV^32°C 

-e^*ufc (P2) o 3~5 a^Kmti\mmvtcLic-m2/F7/MmMmm^, 7 

. 5Mg/mL^DTrypsinW^^JfiL^^^*^V^MEMlr^V^32rl?3~5 0 HPg*L 

fc (P3) o ®tiLvtcmm±mKmmmi%Ktez>& ?^BSA£»L-8o < cicT&# 

£ O^fe-C^M £ /V*^tf> * 4 9"- }4SeV18+/ A F-GFP, SeV18+/MtsH 
Nts AF-GFP, SeV18+SEAP/AF-GFPS.T^SeV18+SEAP/MtsHNtsAF-GFPT? ; etl/ ; e^ 3 
X10 8 , 7X10 7 , 1.8X10 8 &itf8.9X10 7 GFP-CIU/mL (GFP-CIU©^fiWO0O/7067O 
\ZMM T'feofco fc*5. GFP^*Lfc-<^^-(-OV^^ GFPWM-C« 
^^i;^VhLr3eftLfcCIU^GFP-CIUt^tt^^So GFP-CIU&, CIU^STift 
£«^£;ftrCl^ (W0O0/7007O) o ztit>(D94 
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-f-£^ SeV18VAF^FP&tfSeV18VMtsHNtsAF--GFP{;iOl^ 

(LLC-MK2/F7/A) tlM©/7>-^ !) ^32lCM3rtl?Ii U 
fco flRlfee Bfc©9JE£Bl3fc:jj*L;fci&S % SeV18+/MtsHNts AF-GFP^32 < C-C^fc5 
@^7°y - ^ ©jKj&s 9 # *> 5 1 © ©3rC-Ctt*aJl LT *5 0 , tf JJ * ^$©3§fc'> 

*^K*?S«J&fc:i8tt5*&#iIfi (321C) ©Sft* 

fc£^;W*^32 0 C^©£W/& s &V^ (Kondo, T. etal., J. Biol. Chem. 268: 219 
24-21930 (1993), Thompson, S.D. et al.» Virology 160: 1-8 (1987)) Zbfr 

oTtt (SSMtt»^/W£^t^) , PlMT'32Wtf P^Ti? 
0 ju g/mL© AraC&W. 5 g/mL©Trypsin£r-^jfo.^&r-£3; ft V nMEM&JB V n"CLLC-MK 

^ii^-c< 5©fc*tu 32 £ cr*Jt*bfcm^^7-io0fi+^w^M^WBg-e 

»©&< 3&V ^SeVSrfl^t^'r ^MMK^fi*^©^^!!:^^^ 
ft5 1 btlZ> 0 2 B tt32 £ CT^# Lfc^{C{mC-MK2/F7/A{c:*5tt 5FS6 

©3s^m^$tb-cv^5jfe-e*>5o Fse^i^isgsm-^siiBjia (llc-mk2/f7/a) £ 

6 wellTV- h^lO% FBSSr-^tfMElIT*3^7A'3;y hteftZ>$.-VZ7°CX*t%m&. 7 
. 5 a g/IllL©Trypsin^^ik»^-^^^V^MEM^^:gmb32 < C^V^^37 < C-ei^* U 
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) fcflJfflLfcWestern-blottingSrtT ?Z-tX\ «^KDFS6«^^^^?W 

, 32 c c-ef^>^< b^8 8mwm&<»%mmfttstix^ti (04) 0 

b%32*CT*cDf?1ij& (PIJ^H) cD^tt^fS^ftfco 

±|BWestern-blotting^WT^feT-tTofc 0 6 well^V- bOlwell^bHHfc 
Lfc||B/fe?r-80 o C-CS^#m, lx}cl#^LfcSDS-PAGEffllJ-^^W^^7r - (Re 
d Loading Buffer Pack; New England Biolabs, Beverly, MA) 100/zL'T?^^U % 
9& o CX*l0#mMVtc o it'L^s ±*j|10ML£SDS-PAGE?> (-wl^/MO/20 ; D 
aiichi Pure Chemicals Co. , Ltd, Tokyo, Japan) tn^KLfco 15mMt?2. 5B#Ph^ 
£k!)1^ PVDFK (Immobilon PVDF transfer membrane; Millipore, Bedford, MA 
) V9Jmz.X100mAXltifffl$mVtc o n v* s y (Bloc 

k Ace; Snow Brand Milk Products Co. , Ltd, Sapporo, Japan) "C4°C 1 BtFUW-fc. 
JfcgLfc^, 10% Block Ace^^^triF^;^:^l/1000^g»Lfc--«^^{- 
S Us 4°CT— mikW^tCo 0. 05% Tween20£-£trTBS (TBST) -C3Hk H^TBST?3 
H»Lfc^ 10% Block Ace£^HRP&f^Lfeft^!>*IgG+IgMft# (Goat F 
(ab')2 Anti-Mouse IgG+IgM, HRP; BioSource Int., Camarillo, CA) % 1/5000^ 

mmtovtc-&ijifcmwiKmu Muximmmht^ tbstt*3Ihi, tbst?31e! 

$fc*£bfdi N -ft^lftife (ECL western blotting detection reagents; Amersham 
Pharmacia biotech, Uppsala, Sweden) ?) t&tt} bfc 0 
mMMll ^«S«^A!>^/^©2<Sfofettl»S* (HA assay, Wes 

tern-Blotting) 

SeV18+/AF-GFP, SeV18+/MtsHNts AF-GFP£*^ ^T©^;^Ifi?rtt?» 
g ««-eNotl«{c:GFPjt^ £ Z<DTti&KmJt isy^/^&miHM^s? 
^Sr^-fSGFPirJT- (780bp) fc&itLfcSeV (SeV18+GFP : |H 2 ) Zm^Xit®. 
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6 well plateK^X^^7/^>hfcmM&i£tcLLC-M2'fflM^ 3X10 7 CIU 
/vLO&94A'Xtffi&i™llb1t*)lMiiL*WfaL>X (nuo.i.3) lR#fflJft&U 
)WT&&®* lwellfc7 v cl91mL(DJk^t^*^V^MEMS:^^ bT32 < C, 3rC3tt*38 

2^ffitt^f^Jfa*«*fiH4 (HAfi&tt) T?£*U Kato (Kato, A. 

et al., Genes Cell 1, 569-579 (1996)) «o-C*Tofc 0 BP*>. *,j£©96^^ 
hfcttJBU !>>f ^*t*SieWK:PBS-C*fl Unwell 50//Ltf>2f£«^?"J 

Tokyo, Japan) 50mLSt»^U 4^1B#Pfg$gL«5fc©^A£SL^U 

o 1HAU£1X10 6 ^^/V^fciftJlUr, ^/^SSrCSLfc (0 6) . SeVl 

8+/MtsHNts A F-GFPt? 2 ifaSfeattftW^'fc 9 37 e C"CSeV18+/ AF-GFP<£>$J1/ 

10K:^'>LTl^£*Jlir£*Lfc o 3;fc. SeV18+/MtsHNtsAF-GFPtt, 32 < C-T?%^ 

BlJ<D#L£^k<D2&$ft$L^05£:I:£ LT\ Western-BlottingfclvfcSJfeASrfT 
o fc„ ±ffi t m C «t p mc-MK25MCm. o. i. 3T?flS3fefK J8& 2 0 & fcJS8t-btfr 
i jKBJI&*|h1I|X U **±?*ri48, 000gT?45#W38>C> t ^ ^5 6 SrHWR Lfc. SD 
S-PAGEm. Western-BlottingfcfTl\ #&^#"T?tfcffl Ufc 0 Wcftfifffct-M 
Lfc*°!J ^n-^tri^-efo«9, SeV-MgSROl-13 (MADIYRFPKFSYE+Cys/SEi?!l 

: 2 1) , 23-35 (LRTGPDKKAIPH+Cys/g2?l]#-5§- : 2 2) £1/336-348 (Cys+ 
NVVAKNIGRIRKL/gB?"J#-§- : 2 3) (D-Sfo^J- K^r 3«iR£-L"C$&ffiUfc?iH? 
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jfiL^feWfl bfc 1 t>©"C*>5o Western-Blottihgii^lJfe^J 3 (CfE^O^tfttV ^ 
, -&ft#r<^ffi#m/4000«, r#&ft<DMP&&4'\,1tW.9 * y hl&fttt 

(Anti-rabbit IgG (Goat) H+L conj. ; ICN P. , Aurola, OH) «l/5000^ilC# 
&Lfct>©£H5UBUfc 0 SeV18+/MtsHNtsAF-GFP-C{i. &M^6^I?>I 
K£<%mVX\s^Z<DKttLvirus<DW&M&WJ>VXteV) (07) „ Western-Bl 
otting©#*tC iotfcs ^ fcJ&V *X 2 fttt Wtt^J&S^ LTV N <5£. 

\MBM 5 ] i&gjSSttSE&3JA £ 4 ©SttJt^HSrt (SEAP assay) 
SeV18+/MtsHNts AF-GFPfc&V^T 2 ^ttJ*fc J f-#$fe> UTl^^ Ztl t mftK 

3£K:fto-CLf;5©"C* Jt<D3Smi:K:oV^T«WiESrfTo*:. SeV18+SEAP/AF-GFP 
S.tJ^SeVlS+SEAP/MtsHNts AF-GFP^rLLC-MK2|0fl&tm. o. i. 3T?i«Jfe^ % ^R##J(- (A 
& 12, 18, 24, 50, 120H#|B«) J856±J&£rlI|IfcU ifffpGDSEAPSttSrReporte 
r Assay Kit-SEAP (T0Y0B0, Osaka, Japan) Srfljffl LTKitlClH^O^^oT 

=frofc e SEAPSttttM#M"C©3S* 5 »if'&* i ofc (0 8) o ^/cl^f-^^vto 

^T*AJ«fc?£tt (HAStt) SrSlfcLfc^ HA©ttf4SeV18+SEAP/MtsHNtsAF-G 
FPT*^f±0JlSi/lOfcj^L-CVVfc: (09) o PU-^^KD!>^^^?r48,00 
0g-e45^P B ^'L-« L- 1> SrHMX Lfclg. Western-BlottingTJtaMfeifr ^MWi 

fc (Bio) . mMmgmt&vMAKx^x, mm&*<o&8Jk*ftzto'p 

-T 5 n t ft < , 2 ^m^^r^Jl/lO^^-e^ fc i $I»r 3 fbtc 0 
[SU6«6] jfi^iig«M#A!>-f^^^lfflM§tt (LDH assay) 
SeVI«Jtefcj;o-CjlBJia*S|»**S»tS»S"%>#V\ CO^teHLT* 3E&*Afc 
iS^PSrW^fc. LLC-MK2, mS-VBRTfOf-ltiUlbttlVetM. 5X 10 4 cells/we 
11 (lOOjuL/well) T«96well platefc»#*tf« Lfc D «#fcHlL0-yK23ttJ«CV-lfc 
ttlOK FBS£-£tfMEM£. BEAS-2BfcmO% FBS£^t*D-MEMS.U ? RPMI (Gibco-BRL, R 
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ockville, MD) CD1 : ljl^S^ftffiU. 24B#Hfltg*iL 1% BSASr^trtlQrC* 
^LfcSeV18V AF-GI¥^teSeV18VMtsHNts AF-GFP^£5/i L/welll?^P 
US*£ii\ 6ffif^/^$^M»^lt. 10% FBS£^frj£^f*a £&V^ 

$§£l±J8lfe6 0i(^iil^f^r/^U Cytotoxicity Detection Kit (R 
oche, Basel, Switzerland) SrjpJfflLtKit|!lffi4ft©^&fc«oTllllJI&»^tt©J& 
M^fTo fc 0 LLC-MK2T?HM# £ t> i-*ffl»«&il£l £ *bft fro fc 0 * fcCV-l&tf 
BEAS-2BIC*3V n-C SeV18+/MtsHNts A F-GFP©*WJ®K^ttSeV18+/ A F-GFP t IH 

W^Sfcfcx M^60»«£i£OV^fl^f::o #SeV (SeV18+GFP, SeV18+/A 
F-GFP, SeV18+/MtsHNtsAF-GFP) SrLLC-yKjRBiaiC-ttt-'etUBJfeLs 32°C, 37*C£ 

^L4 < Cr*15^^@febfc„ PBST*3tll»#, 2% Goat Serum&tfO. 1% Triton^ 
-g-tfPBS^-C^aiBt^Blocking^^f ofc 0 H^PBST^tUSfc^, 2% Goat Serum 
&<&tr-3feffi#jg?£ (lOMg/mL&tM^) T?37 < C30^F^HJSbfc o PBST*3HlSfe#^ 
x 2% Goat SerumSr^tf— ^tft*S« UOjig/nL Alexa Fluor 488 goat anti-rab 
bit IgG(H+L) conjugate : Molecular Plobes, Eugene, OR) T?37°C15#FsfljxJS L- 

5r^-r-5SeV18+GFPTi4, 4j^bfcto©iaftfc*5^-Cfc3Wia*®"t?©M«e©» 
«fcaMWfc£;h,fc (mi 2) 0 r©i^iHlfioi«ii:|LtWI«$ti 

(Yoshida, T. et al. , Virology 71: 143-161 (1976)) % fc*!)^^J$tf> 
mffi%E0SkhX^Z>k*$*.t>tiX^& o gp^SeVlS+GFPiC&l^Tte. ^©JSLftfc 



WO 03/093476 



85 



PCT/JP03/05528 



5^££^LTV^i:#x.b*L6o -*SeV18+/AF-GFPT?tt, 38t)ti3V^I®e 
(D^m^U^WPVtCo MSeriFXtffiNSeo^^tl/OCytoplasnic tail 
(^fC, M^B^M&^St^bftT&t? (Sanderson, CM. et al. , J 
. Virology 68: 69-76 (1994k Ali, A. et al. , Virology 276: 289-303 (2000) 
) % SeV18VAF-GFP-m^<£— :£»Fg6£^LTV^& % m&vm&K&W 
tt^5fc^i?)iT/5, SeV18+/MtsHNtsAF-GFPTii ; e(7>^W^< liiX, 

[«#|8] 2^»WJ^*-^OtW (2) 

(MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) K£.&fflVr%: 
HJfeUfc 0 SeV18+SEAP/AF-GFP&t£SeV18+SEAP/MtsHNtsAF-GFP&A-10M (rat 
myoblast) fc^tb^tU^kL, (m.o.i. 1) , 32°C^V^«37 t C-C10%M^tfMEM 

■eft* u i b w&m ^m^m^WM^mmw-^nm vxftmtfe&ztf^tco 

f&&m&te&T0>fr&Xft<>tc o t§*«»^PBST'lH)Sfe#U7im, -20^}^ 
*Pbfc^^y-/V^»L4^-ei5^@^L7to PBST*3|fi]»^ 2% Goat Seru 
m, 1% BSkRm.1% Triton^tpPBS^T'^l^^nj/^^i/^ofeo 2% 
Goat Serum^tpM<D-^#:» (10 m g/mL tfMffitt) -C3rC30&WK& U 5 
fcW<D-&.iKWimm (l^g/mL tfCHNtfCffc (IL4-1)) T*37«C30#IH)KJfc Lfco PBS"? 
3Hlft*HL 2% Goat SerumSr^tf— (10/ig/mL Alexa Fluor 568 goat 
anti-rabbit IgG(H+L) conjugate ]ktf 10/zg/mL Alexa Fluor 488 goat anti-m 
ouse IgG(H+L) conjugate : Molecular Plobes, Eugene, OR) -C37 < Cl5#P^ixJ& L 
7ho PBSt?3lHlSfe##s ^^^#,1-57ti?)(J:i/4000^«LrcT0J > R03 (Molecular 
Plobes, Eugene, OR) &«^&ai&-t?15#WJHt U *«fc«3tSr«I^5fcJbfc 
% Slow Fade Antifade Kit (Molecular Plobes, Eugene, OR) (D^fCg^U, 
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fc»fe^#.«b■rV^5©-e#^^-cfe6o SeV18+SEAP/AF-GFPO^ii N 3 

UW&RXMim&(Dm&m.%£tlX^Z>o -#SeV18+SEAP/MtsHNts AF-GFPtf>*§ 
t \Z&W 6 ft <7>^£iCSeV18+SEAP/ A F-GFPO^ t Jfc^iiV ^ h 

&&m$$E,±fcftMU m&nWb'S (microtubule) (Dtpfofcttft erfrfr*> 

/c^t>IH^O^m^^btT,r*5 9 , #(CSeV18+SEAP/MtsHNts AF-GFP«»^ 

m^xi*. m&<DMmmmzmmmkmk&te< mi 4) , ^nm© 

* tc s SeV18+SEAP/MtsHNts A F-GFP^^#32 < Ct'i:§« S ;& W8f 

<D^£i£i^T^&£tL-o^ (ni3) „ mmzm^nm-s-zuw-t 

it^M^o SeV18+SEAP/MtsHNtsAF-GFP^rA-10(c:m.o. i. 1 X°^%k'&, ff^Ofc 
M.-nPlMXhZ> colchicine (Nakarai Tesque, Kyoto, Japan) colcemide 
(Nakarai Tesque, Kyoto, Japan) ljuM SSfiPU 32 t CT«i#5i Lfc 0 

mzmnvt^w&te, m^im^mmm\mtc^t:^vtc mis) <dk 

-c^tb^ttTt (mi 5) o um&zohtmMi-tchofrj&^Mn 
&\^tcm^<Dmmzm&&&&^x^z^m^hz>&. ®tiKvxi>mi 3 

MB bttS N SeV18+SEAP/MtsHNts A F-GFP«^32 < C-Ctg* Lfc^^^M^ 6 
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3fc#>l^ SeV18+/AF-GFP^.^SeV18+/MtsHNtsAF-GFP»M^-i'/V^{i:oV^ N A 
%£&<Dm& CRtflNge) (D%&mtfo1$1r?>Wh { £J&M&&M (colchicine) 
©Jgff&W^fc. SeV18+/ A F-GFP*V ^ W:SeV18+/HtsHNts A F-GFP^rA-10^m. o. i. 1 
^tfBfeSK fi#Mm^f*^T*fc5colchicine£«£ lplf »U 32<C^ 

#iltj|$JJlfc. SeV18+/AF-GFP0>#£fcM S6B»/J>f i*#tt^5T!r 
tBtt#*lft£;h/fc« 37^C^*3V^r«#{CSeV18+/MtsHNtsAF-GFP«^iflS{- 

±{CFS.tJ { HNM&^ > -?:tt ; ?:tl/<^Cytoplasmic tail^^-^Lfc^ffi (Sanderson, CM 
. et al., J. Virology 68: 69-76 (1994), Ali, A. et al., Virology 276: 28 

9-303 (2000)) ttt/hffcJBot (Wfctf^^oiSft^^sefc^ 
^£*A bfc ? /v* V n-c fi, 32*0 is V l*»/MSf K:i& o KMJ&H&mti 

5tubulin{iSeVOte¥ • ttSHSttfcS^b, SS¥ • Z. 1 fr^Z 

nt*5 9' (Moyer, S.A. et al. , Proc. Natl. Acad. Sci. U.S.A. 83, 5405-5409 
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(1986); Ogino, T. et all. J. Biol. Chem. 274, 35999-36008 (1999)) , 

frbW^<w>i>fcttfe (-t-ft*>*>=f/v^f+iS) -e^^^stwta. 

/Mf &3&fb£*T\ Fl-R strairi©»Wllttfcft#U^V^-?^^plHg^U-C 
V^^^btlTl^ (Tashiro, M. et al., J. Virol. 67, 5902-5910 (1993) 
) 0 fip*> N tubulin^»ofcM^e^MW»J^jS^i* ; 5-^"C% #Hlfe0)Jtf>$£ 

cwmmmiatm^^x^ vtcux^m^^ ? ■< M-k&vs a c dna ( p 

SeV18+/AM: WOOO/09700) £flJJ8 Lfc 0 «tg©;**— 1 7fcl£L;fco pSeV 
18+/AMWM^&«£-atpBstEIIIfr>fr (2098bp) Sr. ^^ll/XhoretlMfcfc^ 
^3 ^LXEcoRV^.|^^'fi<lr^^^*^pSE280 (Invitrogen, Groningen, Net 
herlands) ©BstEIIlM n — ~>?L1£ (pSE-BstEIIfrg©flH6) 0 GF 

Pit^-7-?r^*1" ; 5pEGFP (T0Y0B0, Osaka, Japan) &Acc65IJ&"0 ? EcoRI"t s ? , i'fb L-DNA 
blunting Kit (Takara, Kyoto, Japan) t?©5' *«©f ill infc £ 9 **B©5p»flS 
EcoRV-CM-fb^BAP (T0Y0B0, Osaka, Japan) ^gtrfrofcpSE-BstEIIfrg 
-l^Lfc. ^©EGFP5t^£<atfBstEII77^ "s K«rt>£©pSe 
V18+/AMICML, M^»{4{-EGFPa^»«b^:M^«SeV^/AcDNA (pSeV 
18+/AM-GFP) Sr#Hbfco 

* A 1 8 \cm Lfc e F^*«MfcfcEGFP3t^*fSii LfcF££§Mr V ¥4 
V J ;V*£3:>f S AcDNA (pSeV18+/ A F-GFP : Li, H.-0. et al., J. Virology 74 
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, 6564-6569 (2000), WOOO/70070)- £>NaeI®rJt (4922bp) SrpBluescript II (Str 
atagene, La Jolla, CA) (PEcoRVlM b K^"?? ^i^bTfiiigbfcpBlueNa 
elfrg-AFGFPSrfflV^nfite^O^Srfrofc. Ifit^f-fi&^ApaLII^ b£fijffl 
L-afltfc^S) 0 Wi" i 5 fcx V bfc 0 fiP*>> §J 0 ftl" fragments ft 5 
±5tI*^ii:«fcApaLlB»S?IIS:*Atfc. ^^AttQuikChange™ Site-Di 
rected Mutagenesis Kit (Stratagene, La Jolla, CA) £r^lJJB UTKitlEfB^CO^ 
tfefc^o-Cfxofc. 3g^3jAfc&Jfl bfc'&jfc*- U =T©ffi?!ir±5* - agagtcactgaccaa 
ctagatcgtgcacgaggcatcctaccatcctca-3' /|B^J#^- : 2 4, 5' - tgaggatggtaggat 
gcctcgtgcacgatctagttggtcagtgactct-3' /S?U## : 2 5) ^fcSo ^M^A^ 
. ApaLITfSR^-fkb (3rC, 55)-) , QIAquick PCR Purification Kit (QIAGEN, 
Bothell, WA) -eHHtXbfc^^O^^^-f VSrfxofco f?|& QIAquick P 

CR Purification KifCDNASriaiR U BsmlRtJ«StuI"(??B'(btU)H5a^mB!ftb , r 
M5t^ CfttJRHsf?-) ^^^UfcDNA (pBlueNaelf rg- A M A FGFP) SrWKbfco 

H CRtfKft^fO ^r^^bfcpBlueNaelfrg-AMAFGFP^SallJt^ApaLIT??^^^ 
flV\ M^2c«3ratp:7 7^^b (I480bp) £0JfcUh. — ^"CpSeV18+/ AF- 
GFP^ApaLI/NhelX^mbb-CHNJt^^tf^ (6287bp) SrEURb, ^02®0 
$r)i' : £rLitmus38 (New England Biolabs, Beverly, MA) OSall/NheliM hfc^zf 
-V^bfc (LitmusSalI/NheIfrg-AMAFGFPtf>*iig) 0 LitmusSall/Nhelfr 
g-AMAFGFP^SalI/NheI-e?mbb-CHll|Xbfcy7^ Vb (7767bp) £fcpSe 
V18+/ AF-GFP^rSalI/NheIT?^fb bTEflX bfcMRtfflN4f Sr&* ftV^ 7 ^ 
^yf (8294bp) 4^^3yLr> HRtJ^ate^i^bJt^^feSMfe^E 
GFP»^£« VltMRmX^M^^ V 4 ;VK±&>f; AcDNA ( P SeV18+/ A 
MAF-GFP) £*igbfc 0 «gg bfcl0c£M KBlXMBlO^^K^M) V 4 frXtoWfe* 

mi 9(d*bfc 0 no^VAcDNAf^ ^faoafeagFseif^tmRtjtF^^isev 

[HJfcW 1 1 ] SeV-M^ 6 ^^mi-5^WN°-^J5&(D« 
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. ^mi/xT&mmntcib, ?m^(o^^<—mm (llc-mk2/f7») j/m ai, 

H.-0. et aL, J. Virology 74, 6564-6569 (2000), WOOO/70070) fcjS^-CSUB 
L-fcCre. DNA V =» ^ tf^— £fc * 0 fcfc* g*9**!i*3&£-f-S * 5 KHSf^ftfc 
^7*5 KpCALNdLw (Arai, T. et aL, J. Virol. 72: 1115-1121 (1988)) SrfU 

<1> 185^9*5 K0>WS& 

2/F7M2rfiJffi U ^(DUM^Wy^y-^oy^B^X^o ^tt Vtc a ia. 
U Fst^^A^t^^ffl UfcpCALNdLw/FlineomycinBtt*^^^ L-TV'S&x 

nm^fuffi-r s^mtigijoRffit^ omAtf&m-eh v , *-r m 2 0 hub* 

©^^—A"^et'& : f4lf*t7 p 9^5 K (pCALNdLw/M : pCALNdLwfDSwal^ M-Mit 
g^A) (DneoraycinBttjl^?rhygromycinB^it'fe^(^e^^^fc 0 SP*>. p 
CALNdLw/M^HincIlS.t^EcoT22IT*^^UM5t^^^tfir>T- (4737bp) £T#n- 
^^a&tbT'^t. RSi"S^K*ft)!)ttJU QIAEXII Gel Extraction System 
t?Hll|ZL-fc: 0 |r|B#{£, l^lpCALNdLw/M^XhoIT-yDif. neomycinjlit&ilt^ £r<a 

(5941bp) ^BUXtK HfcHincII7?§J»f L1779bp©BfrJT-&|fiMXL;fc. Hygro 
mycinMttftfe^f*pcDNA3. lhygro(+) (Invitrogen, Groningen, Netherlands) £ 
T b (Chygro-5' (5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacg 

tctgtcgag-3' /iE?!l#-5§- : 2 6) ^hygro-S' (5' -aatgcatgatcagtaaattacaatga 
acatcgaaccccagagtcccgcctattcctttgccctcggacgagtgctggggcgtc-3'/'IB^J#-§- : 
2 7) ©2l©^7-f-7- Sr^V»TPCRSrfifV\ QIAquick PCR Purification Kit 
T'iHlJlXLfc^XholS.tJ«EcoT22I-embT^Lfc 0 '^tb^> 3 I©lf^?r7^ >f- 
i/aV LpCALNdLw-hygroM^#^Lfc 0 

h^y^.73i^i/3 XCfiSuperfect Transfection Reagent £rJEV^t2 hn — 
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/H-|E^<D^fe-eff o fc 0 IP *> VXrcDlsm* t o fc. LLC-MK2/F7M £5 X 10 5 ce 
lls/dishT-60mmv-^— V{C}f ^ 1094 FBS^tfD-MEMT*24^^Lfc 0 pCALNdL 
vrhygroM<D5 n gSrFBSX W^ttK Sr^* *V ^D-MEM»$5 L (<6*t?150 m L) * 
ji#|fcSuperfect Transfection Reagent LM.-C10#NI 
fttLfco adtfl. 10%FBS^tfD-MEM^lmL»L^iM, PBST? 1 HSs^UfcLL 
C-MK2/F7«^dO 1-7^7*^^3 yjS^ftSraainLfc. 37°C, 5X0^^^ 
-CSBtRaJS*^ h^V^^^ai/M^SrlteU PBS-C3IU 
«b8K 10% FBS^tfD-MEM^5mL^DL24H#TO#Lfc 0 h I) ^^^tH 

U 96well7V— M£^5cells/well<ft#J9£V^«U 150 /z g/roL<Oh 
ygromycin (Gibco-BRL, Rockville, MD) Sr^trlOX FBSA>9 OD-MEMl?^ 2M*t 

< 3 > SeV-MMFS 6 SrR^KS^-f 3 J& * n - Wffii 

i^MLfco &^n-i/£6well7V-M-}f^ Ii^ny7/Vxy 
T\ 5% FBS&£tHIEM"T?#3fcLfcCre DNAU a ^ tT^— - H%$gL1rZ>1Rft&%.T , f 
(AxCANCre) £Sai to (Saito, I. et al., Nucl. Acid. Res. 

23, 3816-3821 (1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) 
-Cm. o. i. S*fco 32«C-C 2 0 #£±»£lfefe bPBS ~C 1 [H» 

U -fe/^^ U — T?^j§aS:fBJ^ux^8J!^SrlHlJ|XUfc 0 llanefcfc 9 £©1/10* 
&T:/?>f LTSDS-PAGE£?Tofcm, »i#«Jffl LT&lfcfcl 3 Rtf 4 fcffi*© 
^*T?WestenH>lotting&fTofc. 130* n~^<D^V&tt$mb<0%&A.<O& 
fritc$><DKmisXs W&KW (f 236 : Segawa, H. et al. , j. Biochem. 123, 10 
64-1072 (1998)) £fUffl LfcWestern-blotting©fei:£ #WrtH 2 1 tfSffibfc 

o 

[Hlfc^l 1 2 ] SeV-M^ £ SrfNBS^t - 5 ^;w*— *IB J&©WflB 
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M^^SeV (SeV18+/AM-GFP) O^^/V^lffllriiSrllJfeU £*l£>©*IIIJI&* t I — 
l'©•MA';*££IB$rf s MlliLfc. SeV18+/AM-GFP£>P0 lysatefc** VfcSSJW 
U GFP^6coj£tfS^M£ft5^ (Mgaohf^*^* 5 ®*** 1 '***) ^ 
jMZLOV^-CtfcSELfco P0 lysate©S8S4t±£JlT©J; 5^0^. LLC-MK2W?: 5 
X10 6 cells/dishX'100mm(D^-t~Vt»^ N 24$IW$£$U PLWUV-VacT7£gi& 
t^l$IW«3fe£ttfc (m.o.i.2) 0 ^fcjii»«:£*^ien*8^Lfc&* 7"? 

KpSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, pGEM/F^&tfpGEM/Mtr^ft 
^12/ig, 4/ig, 2 jug, 4/zg, 4Ai&S.tJ ? 4/ig/dishOl:Jtl?0pti-MEM^M®U 
lug DNA/5 jtzL^S^SuperFect transfection reagent £ A frl/t2S"o-L- N ^L"C1 
5^^tt^, &#8jK:3% FBS tfOpt i-MEM 3mL^A^^ 'fflJ&fcmMlsXig^'L 
fc. 5l*W^ftjfil**^**V^llEire2iaa5^U 40Mg/n^AraC&tf7.5/zg/mL 
OTrypsin^tfMEMTr^Lfco 24ftlW8*& 8. 5X10 6 cells/dishfcfc 0 
LC-M2/F7/A^M U 40 /i g/mL<D AraC&tf 7. 5 /z g/mL<DTrypsin^-^tpMEMT*M(- 
2 0 PHj37 < C"T?i§3i L7c (PO) „ ^thb<DM^^. h^2mL/dishfcfc 
D CD Qpti-MHIfclSiSk »M^3tHl^05gxb-CPO lysate£M!Lfc 0 — # 
X*IOMO? u — y%24: wellTV— MCflM^ lSf£ 3 hCOB#lCAxCANCre 
£m. o. i. 5-C« U «^32 C C-C 2 0 ffltf* LfcM tfc e £ £»l£S 
eV18+/ A M-GFPCOPO lysate £r£-200 n L/well-? h 7 7 ^ ^ i-" 3 > U 40 g/n>L 
60 AraCRW. 5 m g/mL60Trypsin^-^^JfiLM^^^^V^MEM^fflV^32 < C■t?J§* bfc 
o #18.RO ? #62CD^P — ^-CSeV18+/AM-GFP{Cj:5GFPSfiC0^^l9^^$Ji / fc ( 
112 2) o Jfc2©#T*Jfi;aS «To^iai;<oi62MUfc, 
SRIW&^OV ^TAxCANCrefl^BU CO t> <D &LLC-MK2/F7/M62 b IBtt U «t*fc® 
©"CFiRtfMa 6 Sri*BS3Sa LTV^tCQ &LLC-MK2/F7/M62/A £ iBi^S - £ £1" 
h 0 LLCHilK2/F7/M62/A^lJfflLTSeV18VAM-GFPCOMS:li^L % P2©«6 0 
& fd9. 5 X 10 7 , P4©{§^ 5 0 & (C3. 7 X 10 7 GFP-CIUO ? ^ /V* £11®} L fc 0 
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Z_ t ^SeV18+/ AM-GFPtD V 4 i:ot#fttSJ:ti bfltc a SeV18+/ 

A liHJFP^V ^XMS & £3§fUU§& (LLC-MK2/F7/M62/A) ^b>7^ bT 

5^<iS#»)^b^ (02 2) o BP*>* ilil***/!'*©?^^*^**^ 

rpmp|£32 < C-et«1-5j - £ ^te^feSBb*©^ < ^iM3«H£ 

±m<D$ J Sls*<D±m&O&X*(Dmihft<>fZ- 0 LLC-MK2/F7/M62/A&6well pla 

{CSeV18+/AM-GFP£m.o.i. 0.5T?lfflteU gl*«lK:»*±»3rllIJ|Jlblfffc'S;#«I 
SrSSftlLfc. |HliRbfe_hMlcoV^-CCIUtHAUSr*«)fc. ii4~6PtT*f^ 
<©*>f/V*#|I|Jft£jJx;fc; (0 2 3) „ HAUttflSgfe6B«£l»t)lll«f$tb-CV^5as 

SeV18+/ A M-GFP<D *7 4 fls* JtftT 1 £RT-PCRT! N £ W /V* S 6 SrWestern-blottin 

* 

g-e?fe»Ufc„ RT-PCRttP2(Dii^6 0&©$^/l'*£flJJBL;fc„ 
ORNACDHJJlZfiQIAamp Viral RNA Mini Kit (QIAGEN, Bothell, WA) £rfUJlL, % 
fccDNAMteThermoscript RT-PCR System (Gibco-BRL, Rockville, MD) £#JJB 

©^y^-r^-fcti^y hfcaSf+©random hexamerSrftfflLfco ^fcx RNA^b©^ 
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%)X*&%>Z.b<DWMb UTx reverse transcriptase^^MT'l^ixJ&SrfrofCo M 
^bfccDNA^T'^T''^— h b LTPjfft^-h^FSBQS (5'- ccaatctaccatcagcatcag 
c-3' /@E^J#-§- : 2 8) tFjtfe : f--t^>R4993 (5'- ttcccttcatcgactatgacc-3' / 
BHWE": 2 9) <?Mfr&tr&b* PI C < P3t^f-_b©F3208 (5'- agagaacaagact 
aaggctacc-3* /S?5## : 3 0) fcR4993©jfc^M3*© 2flfCPCR^ff ofc Q SeV 

bp&tfl458bp©i|i|iS;&^^$ttfc (HI 2 4) . reverse transcriptase** L (RT- 

V^5#£ ( P SeV18+GFP) f±^*vettl400bpXU s 1785bp*©^^?>^^:#$* s S 

Western-blottingK:J;9Sefl!l^b©*SS:frofc. SeV18+/ AM-GFP (HI* A 
M) , SeV18+/AF-GFP (0* AF) &tfSeV18+GFP (Hlf 18+) Srn. o. i. 3T?LLC-MK 
2teJfi3feU S^«#±mt«^lfilJtZU *H±»tt48,00Og^45^W 

a'LvL^^/V^^S^HUUlLfCo SDS-PAGE^. WestemHBlotting£frV\ Yaffil* 
N feWfr^^NP^e$r«-rSDN-l^ (7^h#^n-t^) -Ctfctti 
Ufc Hjftftj 3 HJfeM 4 fcfa*©:fc8:-CfTo fc„ SeV18+/ A M-GFP«M~e 

mm. e *mb$ri § tvfp&^^MBM ^iitczb^b, m&mfrb ^sevisv a m- 

GFPOflBt-efcSitiSrtHB^tbfc (0 2 5) o -©R#s SeV18+/AF-GFP«» 

xmm e amsfl * sevi8+GFPT-«p-<fc^-c © * afttfiBsa * ft 

fee £fe, «±»<Z>£wvV*S6R:|?8LTHu SeV18+/AM-GFPfc^V^f±MPO 

o 

HJfrftl 1 4fB^© i 5 t£SeV18+/ AM-GFP£m. o. i. 31?LLC-MK2{C« U Jggfe 3 
H^l-:tg*-htt£[H]ilXU 0. 45nm&<D7 4 Lfc^48, 000g"e45^r^ 

HIllXLfc^^^^Mfi^fflV^TWestern-blotting^VV ^fi6*J^# 
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MM L7cf- is-ffr^tiim LfCo ^^(O^M^n^WM LWestern-blottingS: 
ft^W-mVf -e&fcBLfCo SeV18+/AM-GFP^»±?t+C) 

&SeV18+/ A F-GFP«M<D 1> 00^1/1001?^ 6 £ Wfi £ ftfc (El 
2 6) o |^-^^7 P ;VOHA«tt{iSeV18+/AF-GFP (64 HAU) ^©}^LSeV18 

+/AM-GFP «2 HAU) X'footc, 

IH^^SSS^fcfrofCo IP*>, SeV18+/AM-GFP^nuo.i.3-CLLC-MK2M . 

iteu w&i- (-Bfei-) mm±mz®to.u mm&zmfevtc (H127) 0 . 

T3HBJiai»*tt©IB« ^ * 5 LDHS44£ MS Lfc SeV18+/ A M-GFP«»-C »JA 
3fe 4 S ft glfegB ^^jNBiaWW** 5 ^ UT*5 9 (H2 8) , HA?SttO±# tt * 

5 B^CD^-htftoVvt, jJtf-it— V i^-efc^Dosper Liposomal Tr 

ansfection Reagent (Roche, Basel, Switzerland) SrfflVyCtfcilLfco SP*>^ 
#±^100ALtDosper 12. 5/zL£^L^£TnO#£fcfi^ 6 well:7V- MCa 

ss«MtT-e«JS5 bfcBr, n»ffl^o#fti-6SeVi8+/ af-gfp«M<d*&# 

±»t?tt. #<^GFP»»«^^tl50^^U, SeV18VAM-GFPJgJfe«tf> 
^±»TiiGFP»f«W^(Cf4«b^i^m^^tb^^ofe (H2 9) 
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F<DF1/F2«»& (FOStt>fb«) teafflj&^rta^TV^n^T-" If 
©»Hffi^fc*ALfcU£*fflSeV$V AcDNA£fl||g Lfc„ MMP-2^.tMlP-9(D^ 

"S-f?fcSKtf>@E?!l (Netzel-Arnett, S. et al. , Anal. Biochem. 195, 86-92 (1991 
)) ZtuKU ^fc{4fffc»IE^Anx.T7 i >WUfc2a<Z)@a^J [PLGiMTS (SB 
3) ^it^PLGlLGL GE#|## : 3 1) ; &Tf* ;:;h/e>0>ffifll&^rf"SF 
®6^tl- ; e^XF(MMP#2) &tfF(MMP#3) t^H"] % MMPO^SM^ji^) 3 T 5 

/ ^ib^ijplg©^ zmx l itmm (ur. mmn sf® e &f (mmp#4) t m-r 

) ftlfliPAO&gVGR (BB?IJ##: 6) £55{-LfcIB?iJ (£IT> PK^ISr^J-SFg 
6£F(uPA) t^-f) ©4lI©^J©^iF>f ^2&s*£ftW3 0 
#BLW5M0> (MMP-2&I/MMP-9) £ OaftttfcftUB-f S £ 5IC^©f 

^Lfc#^ (Turk, B.E. et al., Nature Biotech. 19(7) 661-667 (2001); Ch 
en, E.I. et al. , J. Biol. Chem. 277(6) 4485-4491 (2002)) 
#ttl*5o #^MMP-9^MLTf4, Pro-X-X-Hy-(Ser/Thr)<£P3^bP2' = ^ 

■fcfl^BB&l (X= ^T©il, Hy=»14aS) ^HIStl/TV^ (Kridel, S.J 
. et al., J. Biol. Chem. 276(23) 20572-20578 (2001)) 0 Z^X\ F(MMP#2)fcl 
olvttt* Z<D=Hs±l/y-xmmz£$Ct5& M-s 7G<^/&£JC<Z)gE?iJPLGlMW 
S^fe^U*^ V©PLG 4 MTSi^fclcxiF-r V£ft oTV^o 

^Mi^^^^^^V^cDNA ( P SeV18+/AM-GFP) SrSallSlMxel-Cfg 

<fcU Fit^£-£tf#rJt (9634 bp) £T#D-*€»»T-#$t, 

V !? ttJ U QIAEXII Gel Extraction System (QIAGEN, Bothell, WA) "CHI 
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liXU LITMUS38 (New England Biolabs, Beverly, MA) (DSall/NheliM VK^^f 
^n—^yi/Lfc (LitmusSall/NhelfrgAM-GFPOfltig) 0 Fil-g^^^A 
(±^©LitmusSalI/NheIfrgAM-GFP±-e % QuikChange™ Site-Directed Mutagenesi 
s Kit (Stratagene, La Jolla, CA) £OT LXKitKmWfi&fcmoXftvtc 
0 &gMAfcti£mVtc&J$,*}) J<DBM*. F(MMP#2)^0»©fc*(r{i 5'-CTG 
TCACCMmTAOJACACAAMTCX^^ 

' (SB?II#^-: 3 2) 5'-GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAg 
gGGCATTTTGTGTCGTATCATTGGTGACAG-3 > (M^m^r : 3 3) s F(MMP#3)^<D^iU3: 

5' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGt tATTCTTCGGTGCTGTGATTGGTA 
CTATCG-3' (IB^lJ#-§-: 3 4) & <fc 5' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCa 
GGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' (gB^!l#-^- : 3 5) , F(MMP#4)^ 
©SClftlCtt 5'-CAAMTGC(XGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3' (@B^J#-^ 

: 3 6) feitf 5'-MTCACAGCACCGMGMTCcCaACgGGGGAGCACCGGCATTTTG-3' (gffiPJ 

:37)^ Xt* F(uPA) 5' -GACACAAAATGCCGGTGCTCCCgtGggGAGA 

TTCTTCGGTGCTGTGATTG-3 , (@E?"J#^ : 3 8) *5,fctf 5' -CAATCACAGCACCGAAGAATCTC 
ccCacGGGAGCACCGGCATTTTGTGTC-3' : 3 9) t?fc6 0 

FfclS^ifc. B tt®&&$r^5LitnusSalI/NheIfrg AM-GFP«rSalI/NheIT*^ik 
UT. FSe^Sr-g-tr^y^Vb (9634 bp) £01151 Lfc — F^SM&t- 
EGFPil^^«bfcF^^«^^V «7->f/K*£g$V AcDNA (pSeV18+/ AF-GF 
P:Li, H.-0. et al. , J. Virol. 74, 6564-6569 (2000), WOOO/70070) £SalI& 
tWhel-C^bbNPSS^Sr&tpBf^- (8294bp) fcl. -g-^y dDNA^Jffl bT^/V 
^V^IM h^AbfcT'y^^ K (pSeV/ASallNhelfrg-MCS : PCT/JP0 
0/06051) Saimxmel-^mitVXyy^^^h (8294bp) SrEHRUfc. 
l77^^b^^-V3yU F(MMP#2), F(MMP#3) 1&VW(MMP#4) ©it 
fi* (MMP-eStt^^^Si^^f-V^tfcFa^) £^-f 5M*&MSeV cDNA 
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(pSeV18+/F(MMP#2) AM-GFP, pSeV18+/F (MMP#3) AM-GFP]£l^pSeV18+/F(MMP#4) 
AM-GFP) , RXfF(uPA) Oft^r?- (uPAT'Sttte^tbS J: 5 tff^ V UfcFitfc 
^f) Sr^-f-^M^MSeV cDNA (pSeV18+/F(uPA) AM-GFP) £#|^Lfc e 
[H^J 1 7 ] F©Sttfcm££»LfcM*£MSeV^ 
^/K*©fflfj$teLib (Li, H.-0. et al., J. Virol. 74. 6564-6569 

(2000), W000/70070) K^oXff^tc 0 Uk$z$!XhZ>(DX\ Mm.&%h7>X\Z 

dna v ^i/^-^Kzvmte^mmzmmm-rz&o Kmn&titc-??* 

KpCALNdLw (Arai, T. et al. , J. Virol. 72: 1115-1121 (1988)) %%\RiVtch 
<DXfoY) s m^yX* K© h7>X7*— M^Cre DNAU Sr55^ 
t6I^X.7ry!>-f^ (AxCANCre) £Saito (Saito, I. et al. , 

Nucl. Acid. Res. 23, 3816-3821 (1995), Arai, T. et al. , J. Virol. 72, 111 

5-1121 (1998)) x-mmz^xmAmte^&m^Lz&tc mmmi i&xtii 2# 
m . 

FOStt^^{4$r»bfeM^®SeV©ffli^fmTO<t ?i-fTofc 0 LLC-MK2 
|IBJ}&£- 5X10 6 cells/dish-ei00mm©v^+ — M-3S£> 24B#PpP£*^x y?Ul/ ( 
psoralen) (365nm) T-20#«SLfcT7#l) ^ 9— V*$mtZ> 

!)3yfc'fyb!7^ iX~T !M /V* (PLWUV-VacT7 : Fuerst, T. R. et al. , Proc. 
Natl. Acad. Sci. USA 83, 8122-8126 (1986)) %MUX 1 ^IIIk^Tt (M0I 
2) „ 'fflm%m!kffi<DMmXffiftLtc^ -fy^^ KpSeV18+/F(MMP#2) AM-GFP ( 
^{*pSeV18+/F(MMP#3) AM-GFP, pSeV18+/F(MMP#4) AM-GFP, £fcii pSeV18+/F( 
uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A^ et al., Genes cells 1, 5 
69-579 (1996)) RtfpGEM/F-HN (Li, H.-0. et al. , J. Virology 74. 6564-6569 
(2000) , WOOO/70070) £ Ztl^tlW fig, 4 n g, 2 n g, 4 » g &tf4 „ g/dish©* 
j:bt?0pti-MEM (Gibco-BRL, Rockville, MD) fc^L, 1 p. g DNA/5 n Lf§ ^ ©Sup 
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erFect transfection reagent (Qiagen, Bothell, WA) SrAtVCfe-abs i£iS."Cr 
Mffe#)K3% FBS&^tfOpti-MEM 3mU£A*U MKBMVX^L 
tc 0 S^TO^jfiL^^^^^V^MEMT^lElSfe^Us 40Mg/mLCD Cytosine /3-D-ar 
abinofuranoside (AraC : Sigma, St. Louis, MO) Rtf7. 5ju g/mL©Trypsin (Gibe 
o-BRL, Rockville, MD) £^tpMFin?t&* Lfc 0 24H#P t 5J§#m. 8.5X10 6 cells/ 
dishfcfc9(OilM6fC£^^1-5» (LLC-MK2/F7/M62/A) £MU 40 M g/ 
mL<D AraC&tf7. 5 m g/mL^Trypsin^-^tfMEMX'Sf- 2 0 fUm'CT'i&ll Lfc (P0) 
0 ^*Lb£>M£II]IteU ^1^5/ h^2mL/dishfcfc«9 0 Opti-MEMM^bfCo 
iMUm* 3®i£9&x.Lfc^ ^i?- h^^^**LLC-MK2/F7/M62/A}3l>7 
y^7x^v/ayU 40 /z gM<£> AraC. 7. 5 /i g/roL<DTrypsin&05OU/mL<Dcollag 
enase type IV (ICN, Aurola, OH) ^^^J^IL^^-^^*V^MEM?rfflV^32 c CX^«L 
it (PI) o 3~14Bff*J:l*©-^t>5s ^ffc^MbfcLLC-MK2/F7/AlC 
JfifteS** 40/zg/mLO AraC. 7.5Mg/mLOTrypsin&tF50U/mL<£collagenase type 

u^^skm^t. i£^MEuzm\,wx:x»mm ufc (P2) „ 3 ~ 1 4 0 rn^m^ 

XCMM: LfcLLC-MK2/F7/M62/AfmSJi^ £i§\ 7. 5 /z g/roL<DTrypsia&05OU/mL<Dc 
ollagenase type IV ^^J^IL»^*^V^MEM^fflV^32 0 C-Xr 3 ~7 BP^JgSiLfc 
(P3) o HUIX Vtc.mm±m\mm^l%Ktj: 5 £ 5 KBSA£m&H \,-80°CKX&ft U 
fco &#lM/V*f&&#P!CU ^O^^S^in vitrc-Hl^&Lfco 

£fc, MgS^h7^(-«-f"-5^/WN 0 -»fcLT. LLC-MK2/F7/M62l^ X 
{Zl^^xA (pCALNdLw: Arai, T. et aL, J. Virol. 72: 1115-1121 (1988)) 
(DSeV-mfc* (S^SeV-Fit^) ^iAt, »0^^y^»5^ 
t-e, j:^)^ev^^^^-T*(DM^MSeV-<^^-^MWffi^^W^-« (LL 

C-MK2/F7/M62-#33) (D#tmc$5b Lfc 0 :©»5:ffl^tlSt^ Fjt^? 
(^^^ALTl^j^M^SSeV^*-- (SeV18+/AM-GFP) £'lX10 8 GFP-CI 
U/mL (GFP-CIU<D^teWO0O/70070tClEii) U±.<D?4 ^-XW^h - ^ ^Wb£ 
t^ofco ffi. P*[BJfeSrflJJEL;/ci&3\ SeV18+/F(MMP#2)AM-GFPRi;SeV18+/F(uP 
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A) AM-GFP©*§^ t hKlX 10 8 GFP-CIU/mLU*±©*>f ^-t?©W«^W^*> 

ofc D 

K«©*ife-efffllricSrfTofcS^ % SeV18+/F(MMP#3) AM-GFP&U?SeV18+/F(MMP# 
4) AM-GFP{COV^f±!>^/^»^llIlRf-6C t^ya^^ofco ^frfe©^© 

P>fcV\P N ^t^#t?lE]I|Xffi5l5^^ofc^i:^b. F(MMPil3)&TmMMPjf4)^:}ol^ 

IMMM 1 8 ] F©Sttte«£^ikLfdlt££MSeV^ *-©in vivoffif-^ 

in vivo^WM^aM^^MSeV^^^— ©H^tt, M>frT? , M/l'*W£rpell 
et doTO-t5l»^»$Kfe-efrofc 0 LLC-MK2/F7/M62-#33£r6 well plateXm^^ 
yjV^y hKMMVfc^ AxCANCre&MOI 5T?Jfi3feU «#32TCt? 2 0 TO* U 
fc 6 - ©jteJfi»!:SeV18+/F (MMP#2) A M-GFPi£v MiSeV18+/ A M-GFP&M0I 0. 5Tit3fe L 
„ SeV18+/F(MMP#2) AM-GFP©®-^-«7.5/ig/mL©Trypsin^^50 U/mL©collagenas 
e type IV£^jfc?f V^MEM (lmL/well) X\ SeV18+/ AM-GFP©^f47. 5 

/zg/mL©Trypsin©^^^JfiL^t^^^V^MEM (lmL/well) $>X\ 3 BfWCt? 
mmvtco #6wBll#&**fcT±»£EIifcflL 2, l90gt?l6^M3*i6 U EURLfc 

±f#£l*l1l0. 45 n7 -C6ii U OOOgT'SO^f^fr Lfc D pellet 

SeV-^ ©* tt % SeV18+/F(MMP#2) AM-GFP&U$eV18+/ AM-GFPT*-?:^^ 

*K 1.3 X10 9 &t>*4.5 X10 9 GFP-CIU/mL-efeo7to HKSfll 1 7*5*1*1 8XYfU 
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aSeVSfcttJGjfeSSeVfcPfcS. ttc, &TF SeV18+/ AM-GFP, SeV18+/F(MMP#2) A 
M-GFP, &T>*SeV18+/F(uPA) AM-GFP&, ^tl^tlSeV/ A M-GFP N SeV/F(MMP#2) AM-G 
FP. SeV/F(uPA) AM-GFP £ fcSfcfB-TS. 

Exogenous experiment 

MM%\C$\-frb7v : TT— ££»1-5JS^JlR£Exogenous experiment £ Bf 
■£„ J^T^II^Mfc&^Tfro/c exogenous experiment ©S^Wft^JH^'f 

. c:ntS*S^^ofc^8^tt^H■?^^<c>|lifc^^lK:^sv^-c|B^^Lfco 96 well 

plate (CLLC-MK2 ^confluent (5 X10 5 cell/well) «fc 5 fcjfcHLfco MEM 

-e 2 [Ugfc?^ SeV CFWS® : 1 X 10 5 ClU/ml t> L < «F#W8!£l : 1 X 10 7 particles 

/mi (HAm# ; mmm2 5mm) i ^^mem&somiad*.* m^^tc 0 mmmA 

TJ8Jfe©l>5i&S?>*«fcLfc, 1mm 2 O^Jfefcfc 9 ©GFPO^LTV^&O 

J&&#£:/ hLfc e ^Df7-1?li, collagenase (collagenase type IV) IC 
N Biomedicals Inc^ MMP2 (active MMP2) , MMP3, MMP7, MMP9 (active MMP9) 

Endogenous experiment 

ii^&j&££-fr5ii^¥Jl|I&Endogenous experiment 2: B?.£o &T©£Eil!i0!lfc*^ 
Tffofc endogenous experiment ©X#&&¥Jl|H£r^i-o ^tlt^^^WCff 
^tcM&ltth^fttDMMMKm^XBWi.lsfrc 96 well plate (C#^»^con 
fluent (5X10 5 cell/well) £ o Ufc 0 MEMT' 2 Egfeff^ SeV [FRJ 

1X10 5 CIU/mlt>L<ttF^M^M: 1X10 7 HAU/ml ($%0!I2 5#J8D ] £ 
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mnm2 o] Fgfe«Mty^ !)^;^^^^ia5/Df7-fife 

^MJ&Bfc-nSM^S (Exogenous experiment) 

•C^©/of r — €#i#l$fcMg!^Ji^/M£ LtV<5 ^£±lE©Exogeneou 
s experiment 9 5fcj&»«>fc (0 3 2) . SeV/AM-GFP, SeV/F(MMP#2) AM-GFP, S 
eV/F(uPA) AM-GFP <D 3ffl&<D\fo£M<DSeV (tt#ll7) 13 
Hff^tL-^tb 0. 1 p. g/ml CD collagenase type IV (Clostridium histolyticum) 
. active MMP2, active MMP9, t.tcfi uPA, 7. 5m g/ml Trypsin ^Dx. 

fc 0 40 & % m%mWl%lX*m&Vtc 0 F£ft^LTl^VNSeV/AM-GFP&, trypsin 

^SUBSfe^feai** #gE*»l&-e*>5syiithitium*Jg^Lfc (03 2 L) 0 WPftM 
@H^J?rFMfi®t-M^-^AyfcSeV/F(MMP#2) AM-GFPfi, collagenase, active MMP2, 
active m9^^tclW-M2Xmm^^^^^ 6 synthi 

tium&^j&Lfc (0 3 2 E, F, M) „ — urokinase-type plasminogen activa 
tor (uPA) , tissue-type PA (tPA) ^|BM^F^a®^m^^^fc*SeV/F(uPA) 

AM-GFPrii, trwsin^Txmmm£mmm^bft. zbwm&nz&mis 

fc^tlCio-CuPA-e^iBfla-efeSsynthitiura^^bfc (13 2 Q, R) . - 

tut, ztiztHoyv^T—e £tMmw&Fw smm^tt ^tiot^ 

[»#]2 1] ^M*OMMP^^MW^*ffl«^M^ (Endogenous exper 
iment) 

MMP3§MM*^fc3HT1080 (t Mftfll^ftM) (Morodomi, T. et al. (199 
2) Biochem. J. 285 (Pt 2), 603-611) , tPA3§»-Cfo3MKN28 (t hfl«*Hfl& 
ft) (Koshikawa, N. et al. (1992) Cancer Res. 52,. 5046-5053) , if*>b©^ 
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eV&JBVvC Endogenous experiments J: 9 £B&*Tofc 0 -ftbO-SIIBlfetf) 5 
„ MKN28tt3ffifti^|pF^f (Cell No. RCB1000) £ 0 , *fc HT1080 (ATCC No. CCL- 
121) , *5<t0 SW620 (ATCC No. CCL-227) , ffifKUTomfcMX'&mirZ SW4 
80 (ATCC No. CCL-228) , WiDr (ATCC No. CCL-218) , Panc-1 (ATCC No. CRL-14 
69) f* % ATCC (American type culture collection) ^tofcfcOSrE V"* 

\mm& l%tte%£0 KVBS&WMl Ufe„ @33 -C^-T <t 5 MMP3§9M*HT108 
0Ti*SeV/F(MMP#2) L\Hm<DfrlM^*<Dl6&&X>*>#<>X^X, tPAHmW 
N28"CfiSeV/F (uPA) AM-€FPO**S*W&itt^Sfl8Jfe©th?>*S 0 bfrS. if 

[MlfoW 2 2 ] Phorbol EsterWMMP^f £ J; 5 HM^lil 

ftjum&ti-eow o w^i-6iim@^^af(-<to-c^rt-e{*MMP«^^tt-c 

1^5 ~ iASSLftStttV^S. ^©S.^f^Phorbol Ester-T?£>3 phorbol 12-myrista 

te 13-acetate (PMA) KXvXin vitroX-mtTZZ. kifi^mX-hZ, ^OMMP|§ 
* ftfc&tttefctt SlSSifeSrP^S fc* fc % PMAK «fc o TMMP2©?£i4 

fttHMP9©f|»^btbTV^Panc I (mttttO &^Wt, F&»^SeV-< 
(7>3BBJiaift^Sia8IISO^r*SS:W^*: (Zervos, E.E. et al. (1999) J. Surg. 
Res. 84, 162-167) „ 96 well plate K Pancl& £tWfe©fiiWJ^Srcoiifluent 
(5X10 5 cell/well) l^i5i5Mtfco H«J 1 7 T?«LfcSeV£^-C 
Endogenous experiment £ 9 Hftfcfrofc. MEMt* 2HISfe#^s Moi=0.01£&6 

.t^^lXlO 5 CIU/ml©SeV^W MEM&50JI lABX-s J»£*fc 0 11*50^1^40 nM 
phobol 12-myristate 13-acetate (Sigma) ^^tfMEM^P^7c 0 £©R#* J&ififc 

H^ft 1 % fc * £ 5 fcFBSSrS&ftl Lfc 0 
MMP2, 9©WS?S3Sttgelatin^WSHaH4*sa{>5^* $ 6<fe^5gelatin zymogra 
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phy& (Johansson, S. , and Smedsrod, B. (1986) J. Biol. Chem. 261, 4363-43 
66) iaot?|fUc„ AftftfctfU Ztl?tl<D®mo±W:%-*k*), Sample bu 
ffer«&Uto mm&l mg/ml gelatint&5 £ 97^ 3 /VT^ KKfll^L 
N 8% acrylamide gelSrffeRLfc. SDS# !) 7^ P /VT 5 F*>S&fcSl^ 10 mM 
TrispH8.0, 2.5% Triton X-100-C'»Ufc o Gelatinasefgttl 5/ 7 7 ~ (50 
mM Tris, 0. 5 mM CaCl 2> 10" 6 M ZnCl 2 ) t'37°C10W, R-25 
0, 10%p<*/-/l--C^&Ufc (E13 4±/^;V) 0 C*S^H8 (control) , 

T*S20 nMPMAfcJ:oT»*$tbfc±a*SrfflV^t©7?, HT1080£Panc IT?MMP9 
^ff^ftTl^^aW^o Panel «SHU««»MMP2^|ii^tL-C\/N 
5 ^^tL{i»M-Cgelatin^?Stttt« A/*f*V^ b*VtV^ 0 B 3 4 

(T/^-^) ^TtiM-, SeV/F(MMP#2) AM-GFPtOSIfeL/cPanc Iti N MMP^>U 

[H}fe0iJ 2 3] In vivotC** 3HT1080|fflMfc«SeV/F (MMP#2) A M-GFPOT>5 

ffri080<Dta^^- K-v^^Srf^SSUfco BALB/c nude mouse (charles river) 
<D£iriflS©&Tfct h^»JS HT1080&5X10 6 cell (1X10 8 cell/ml «:50/il) 
SALfc. 7~90«te*B#3 Mi&jBjfcfcflftSrJBV^fc. ^ffiW^ft l-fc 
#;jl^*30~100 mm 3 fcfctK * ^ ^OT^FM^MSeV^50/z ljMWftfc 1 
XLfc: MEM (*MB) (N=5) , SeV-CFP (1X10 8 ClU/ml) &^MM (N=5) , SeV 
/AM-GFP (1X10 8 ClU/ml) Sr^tfMEM (N=7) , SeV/F(MMP#2) AM-GFP (1X10 8 CIU 
/ml) Sr^tHIEM (N=7) 0 2Bt, Mit^-Ti^Lfc (HI 3 5) . SeV-GFP 

, H) o • ; e^^MU-CSeV/F(MMP#2) AlHJFPT?tt*^fc^6^ t * s ««*tl*: 

(0 3 5 K) o tfc^LfctO-ett, SeV-GFP, SeV/ AM-GFP*« 1 0 1 
«fg£ft6^{-*tLT. SeV/F(MMPif2) AlHJFFT?tt3SllJ&©^^tto # 0 iSrf M 
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XJ^GFP <£>^§?H.<£>[5$S| £:NIH image }u«to 

0><PJ£*W\ SeV-GFP^10%, SeV/ A M-GFP^ S 20%"C i>Z><DKM L~CSeV/F (MMP#2) A M-G 
FP^-C«90%^»^feH, WbfrftmPkOfe&'O&fmZtltc (0 3 6) o 

[Hi&flil 2 4 ] fijfi;*— £ * 5- £ SFMMjfc&MSeV-^ 

©flBfc&jBftU fiJLTO4»©FMS^eVSr50Ml**Mfcfc^Atfc: MEM (N=5) 
, SeV-GFP (1X10 8 ClU/ml) Sr^tfMEM (N=5) , SeV/AM-GFP (IX 10 s CIU/ml«r£ 
tfMEM (N=7) , SeV/F(MMP#2) AM-GFP (1X10 8 ClU/ml) Sr^tfMEM (N=7) 0 2 0 
fc5-«PI*©SeVS:*SfPflfcK:ftAUfc. (a) , 0# 

(b) , j?^ (c) &i 0*5t(cn-fflLfco mmftm*. mmt^u mmft 

iKV=«/6Xabc-etHfbfc. PBS, SeV-GFP, SeV/ AM^FPte^^!lS#±# < 
(Dfcfcf LX, 0 3 7t^Uc± 5 fc^**— 26S#^fcJ£aSoTl^fcSeV/F(W^ 

[HJfctfO 2 5 ] F^Mgf/F^M^MSeV^ * -Of^i 

±MXRl V Vfc S^TOSeY-** * - (DfcMK ttFOKgSriB - £ *3 fc £7. 5 /x g/ 
mlCOiftV^S© MJ^V&.fct* 50U/ml<£collagenase;&S^ofct&%-efg*, 
HWXU FMSSSeV*** — (H»Jl 7&3:Xfl 8#$0 0 i-T*^ 

^.TKlSeVSrlslilZU F#H^SeV^f^MUfc 0 

^ftqftfciji, 10cm dishfc LLC-MK2/F7/M62/A*iiia^conflueiit(Cig#LfCo 
091 7T?PlSlbfc45-FiJfeaa(^*S!SeV £Moi=5fcft5 £ 5 fcflRJfeS-ftfc. 1 B$IH]ft 
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, ±a**fc!>2|el immmX'ffifchtCo 4mim£;tJPx.32 0 C-eit«Lfco 5 0^ 
, ±g^£HUiXU ft^g^mc^^ip}- Bovine Serum Albumin (BSA) £ 
mx.tc 0 HAU titer£$l^ M^-t?-70 c C-e^#Lfc o Zft?tl<DF&mX$: 
MSeVii 2 7 ~2 10 HAU/ml (1 HAU = 1X10 6 particles/ml <D*74 A'*%trf-K&9f-& 
tbZ><DX° 1X10 8 ~1X10 9 particles/ml MfB^-f 3) <DmX*®V5L&tl, 
>) 1 X 10 8 particles/ml fcfofr&tCo 

Exogeneous experiment©^*, LLC-MK2-<D«^ SeV/F(MMP#2) AM-GFPJ3, 
MMP#c##)lC, SeV/F(uPA) AM-GFP&. vPkt.tcm?k^m^&ir^^ & 
j^"e#fc^^^?t^$Hfc (exogeneous protease©^— ^fi^&ftV^) 0 MMP 
3g§M*HT1080, tPA$$*$MKN28, -fu^T— ^SrBfc /y£J6SLWfcV^2<n? 
% ^nrT^-^^lCtSil^M^^nltS^^^^^endogenous experiment^ 
J;9fWc (0 3 8) „ SeV/F(MMP#2) AM-GFP^MMP^m*HT1080T*«^btb 
5*5. tPA^»*KN28-m, tm&frbfrftW SeV/F(uPA) AM-GFP«. tPA^ 
«cMKN28^tt«@fe^*e>*bSdS. MMPHm^HT1080T*««^^btl,^V\ i©i 

[Hifefll 2 6 ] Human fibroblast^ £ 5MMP3, <t 5F«AfcX£cMSeV 

SW480*5j:T^WiDr^fibroblastt*^, ^L<fiin vivo^W^tKlio-C-t 
tl^tlWPZ, MMP7«^$^^6^«^^^^^"CV^-5 (Kataoka, H. et al. (1997) 

Oncol. Res. 9, 101-109; Mc Donnell, S. et al. (1999) Clin. Exp. Metastas 
is. 17, 341-349) D ittb»»^o-Cin vivor-F3fe^M^MSeV-<^^-© 
m^Mt-t^E^^M^-tCo 96 well plate (C^tl^OMMfcSrconf lue 
nt (5 X 10 4 cell/well) 6 i 5 KHg* Ut 0 MEMT* 2 BftSNU 1 HAU/ml ' (1 

HAU=1X10 $ particles/ml ©iM/V^Stf-KlifeJfUC 1 X 10 6 particles/ml) £>F 
*M5S(SeV^niEMSr50/iliP^ *5Jfe**^« 5X10 4 cell/well fcfc5.fc5te 
Normal human lung fibroblast (TAKARA) %Mx., 40F^37 £ C-Cit«bfc (HI 3 9 
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) o SW480*5«J:tMiDr(iv h Inhuman fibroblast£co-culture-f-£ £ b K iot 
, SeV/F(MMP#2) AM-GFP^«-r5«t9l-^ofc 0 R3f©d^bJ&V^SWB20-Ctt* 

$HTVn5 (Galis, Z.S., andKhatri, J.J. (2002) Circ. Res. 90, 251-262; 
Martel-Pelletier, J. et al. (2001) Best Pract. Res. Clin. Rheumatol. 15, 
805-829) o 

^C^MSeV-^^^—COMMPil^^J^^^^/Co 96 well plate K human smooth m 
uscle cell (TAKARA) ^confluent (5X10 6 cell/well) £ 0 K:*&*Lfc 0 

MEM-C 2 HRfeSNK SeV (F^MSSi: 1 HAU/ml(lX10 6 particle/ml) MEM&5 
0/iliP?U Jffife**fco IH*50/iloyn^T— €^MEM^nxi, 4 0P^37°CT*tg 
#Ufc 0 lmm 2 ©»fo7 v c>?^OGFPC»^U-tV^5»%^^>^^b^ (124 0) 
„ SeV/ AM-GFP-Ctttrypsin^P^S r. b <fc o T ©^jRjfedS^tii UtOKlM UT 
„ SeV/F(MMP#2) AM-GFP-e^collagenase, MMP2, MMP3, IMP9T*©Jfl8fe& s 7tiil' 

[HJfcW 2 8 ] F&M^MSeV^* ^-©/nf7-fft#»Oli 

^mm 2 o t?F^M^^sev-<^ * - w\ ^MtKo-^n T-r—vtmum & 

^©fy^J) y/JifiHTO^fttfffofc. SeV/AM, SeV/F(MMP#2) AM, SeV/F(uPA 
•fr/co 1^2 0t, ±a*Sr@i|5lU xl8500 g -C3l^ra3i'C?U -t©itR*SrPB 
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ST?|ftt>WBLfc. j etim® , )'f^Kif7.5//g/il YV^y>, 0.1 ng/m 
1 MMP9, 0.1 ng/ml uPA©*«gl-ft5 £ 0 K^utT— ££»U 37^, 30 
min mm®, W7A"*y7T~~*to%-* SDS-PAGEiJ-V7>£ bfc 0 SDS-PAGE& 
(jt^X^- ^oyf^^liSStftotfiofc (Kido, H. et al. Isolati 
on and characterization of a novel trypsin-like protease found in rat bro 
nchiolar epithelial Clara cells. A possible activator of the viral fusion 
glycoprotein. J Biol Chem 267, 13573-9 (1992)) „ ^^^Wo©*! 
^J^^-K (FFGAVIGT+Cys: 117-124, EAREAKRDIALIK: 143-155, CGTGRRPISQ 
DRS: 401-413; ' %MWSSffi&% :46, 4 7, 4 8) S^gLftiiiLflffcfcfc. 
2^#:{C(iHRP«^;!J'^ :3 fIgGtrCfr (ICN, Aurola, OH) £ffiV\ |Sfe«)ttttJ^ 
{iffc^i^ilfc (ECL Western blotting detection reagents; Amersham Bioscienc 
es. Uppsala, Sweden) *%^tc 0 @4 1iC|i, F&#£LTVvfcl^ltfC&®SeV 

(1> 4> 7> 10 ), F(CMMP#2 IB?iJ£#AUfcM^«SeV-^*- (2, 5, 8, 
11), F{CuPAlB^J?r#ALfcM^MSeV -<^^~ (3, 6, 9,12) £_tfE©:/nx 

04 1 frbftfrZ «fc 5 fc* h y ^y#ST"Cr±FSr3fe« LTWilHtftfcSlSeV 
^^-^ MMP#£TT*teF*CMMP#2 E3aj«r#ALfcM&&S!SeV u 
PA#ftT-CttFtuPAE^lISr#Abfcl0^!SeV -^*~T\ **lW#A Lfc:/ 
nfT-flS«ot, Fl^©MgJtf 5 @-oTWc 0 £r.fcti^£fcV\&SuPAffi 

^4^^-r5^Fl-OMW^btlfc 0 iilli**W2 0©i»i^SU F© 

2 9 ] F©#BJ&Sf >f ^!k3zK J: 3Hi£-f&<A±# 
5^ y «M yvx i£ «fc 6 ?s±^©M A & £ >f «>K £ ls±ill©»fil©Ill 
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X¥<D^Z/7*t— */3yfi^.t>Z>^b1£WMX*hZ>b£foX\^Z> (Russell, C.J 
Jardetzky, T. S. & Lamb, R. A. Membrane fusion machines of paramyxovirus 
es: capture of intermediates of fusion. Embo J 20, 4024-34 (2001)) , 

Vs(;VX\L$5\,^XFte£l3M(DlW$&'g.F? t '(y (cytoplasmic domain) -fcfiiJSfc-t 
<DW&te&±&tZ&ifctot>iriX^£ (Cathomen, T. , Nairn, H.Y. & Cattaneo, 
R. Measles viruses with altered envelope protein cytoplasmic tails gain c 
ell fusion competence. J Virol 72, 1224-34 (1998)) „ ty^ 

pCAGGS3§9L^*- (Niwa, H. et al. (1991) Gene. 108: 

193-199) «*ufcm. vck<xs%im*mmz-b7yx7*? ; y*y^ 

FOcytoplasmic domainMofc^ftit^tes ^TO^^^-Kiot, 
Je*b^*lPCRSrffV\ W^^rXho I, Not I pCAGGS^^-te^f 
syVtc 0 Fct27 primer (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3'/SB»^ : 
4 9, 5' -ATAGTTTAGCGGCCGCTCATCTGATCTTCGGCTCTAATGT-3' /SB^!J#"§" : 5 0), Fct 
14 primer (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3 Via^Jft-^ : 5 1, 5' -ATAGT 
TTAGCGGCXXJCTCACCTTCTGAGTCTATAAAGCAC-3' /IE^ | J#"^' : 5 2), Fct4 primer (5*-C 
CGCTCGAGCATGACAGCATATATOAGAGA-S'/ga^J*^: 5 3, 5' -ATAGTTTAGCGGCCGCTCAC 
CTTCTGAGTCTATAAAGCAC-3' /IB^J#-^ : 5 4) (Kobayashi M et al. J. Viol., vol 

77: 2607, 2003) „ 

ttll&»&fB©a)£<Dfc«> % LLCMK2 L < teHT1080iM&£24?^K/W- h^con 
fluent m/£SJ:5fc*V^ 0 50^1 0pti-MEMfc^Lt:3/tl Fugene6Sr^tfc 0 
#pCAGGS»^:/?*$ K*2Mgt^*©pCAGGS/E(aFPSria^«, 0pti-MEM£Fugen6 

(Dm£t&KM*.ito m&x~i5#mikw&. 500 M i MEM«««mbfc24!> 3 : 
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/K/V- j^jgflpLfco zTC, 5%C0 2 Vmrnigm®. HT1080<D^ lKFBSSfe&PM 
EM, LLCM2©^7.5jtig/ml Trypsin k U< tett^ftfdi^collagenase type 
IV (Clostridium) LfcMEMigtfi^e&Lfco 48i3TO»^ #Ji^«^ 

lOOfg^fcfc 0 (0. 3 cm 2 ) <Dffl& htc^^ V J*om** 9>h Lfc 0 % b < 
H:4% Paraformaldehyde@^5r2B#W^s 70%3^/-A-, M%*W$Ms 5#IHJ 
hemtoxyliiiSSfeSrffofcS. *ifeU Vy^!>A^tW50.3 cm 2 ^fc 

3 a«<7>FO«K IsfDfK&Z&tcT ^ / lfe£?IJ&BI 4 2 (A) K, 
^IStt*H4 2 (B)fc*f. HI 4 2 (Bjt^tiptx F^WlteLfcttllSttfc 

Fctl4) 3&S*t>*©»£tB#*iV^ #W fcJ&*fc*ofc. 

[§H»J 3 0 ] F/HN* 9 9 1"* t tttt&tB&flMtt fc-t# * * 5 

4i^MbTfc^ ^Sl^^gflK^^ (Ectodomain) fcit/M^'^SC 
Sr^UTftS^UXV^S^fcdSWb^fc^oTV^ (Plemper, R.K., Hammond, 
A.L. & Cattaneo, R. Measles virus envelope glycoproteins hetero-oligomer 
ize in the endoplasmic reticulum. J Biol Chem 276, 44239-46 (2001)) 0 0 

-efe o , mmmom? w r-fos n t £ 9 % 0 4 3 (a) -o^-r 

^^^^ri^Ufc (Fctl4/HN) 0 F^y/^ 0 ^f*S!ll^^)]«^ofc:Fctl4trffiV^fc:o H 
H#lC^O2oO^y/-?^<DMIC50T^/^P>^5y :/#-IB?"J£#ALfc (Fct 
14/Linker/HN) 0 Z<DV l/*-mW&m&<0&mX'ttZ(Ofi>'*9\£*>****S*- 
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^T^^l^V^ga^J'Cfc'So (Simian immunodeficiency virus (SIVagm) 0>envtf>cyt 
oplasmic domainOT 5 J ^IB^JON^ffi t C5|c$S£r$Uc Lfcnon-sense ft 

/HN^f- 7 * i//^ atl5^£pCAGGS^ * Lfc„ Fit^StfflNS 

F/HJfit^ ^150 bp 0) V j&fS^f- (50 amino acid) Srjf ALfe&tD. b 

5' -ATCCGAAnCAGnCAATGACAGCATATATCCAGAG-3' /@H?"J#-S§- : 55; Fctl4-R: 5' -AT 
CCGCG(JCCGCCGGTCATCTGGAnACCCATTAGC-3'/iB^J#-^ : 5 6), Linker/HN 
7 J -7— (Linker-HN-F : 5' -ATCCGCGGCCGCAATCGAGGGAAGGTGGTCTGAGTTAAAAATCAGGAG 
CAACGACGGAGGTGAAGGACCAGAGGACGCCAACGACCCACGGGGAAAGGGGTGAACACATCCATATCCAGCC 
ATCTCTACCTGTTTATGGACAGAGGGTTAGG-3' : 5 7, HN-R: 5' -ATCCGCGGCCGCT 

TAAGACTCGGCCrTGCATAA-3'/@B^J#^: 5 8), HretGr?-^-^ (5' -ATCCGCGGCCG 
CAATGGATGGTGATAGGGGCA-3V@B?IJ#-^ : 5 9, 5' -ATCCGCGGCCGCTTAAGACTCGGCCTTGC 
A-3VIE?iJ##: 6 0), 

ID 4 3 (B) ± ? R: y V#-@E?iJ<£>frV^^ 9 * tfttffi^ltt^Sr* 
i-Old^ LT !) V*— «r#Ai-5 - 1 K i o TF HN^IHB#t b 7 7 ^ * a 

[n^j 3 1 ] m&mniamm t mn^m^ 

^of7^tJ:otF^^^f^2o©t7'3.= j/ F (Fl, F2) icM^-TS- 
Tfe 9 , ^ , ^^SftV^ffi"Ctt^< Bk^tgiSj&V^ @4 3T^ LfcFctH/Lin 

ker/HN^ * 7 * ^ttfwptkftmm&mitmn-fz ± 5 f<dm@e?ij<d#: 
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^(01E^JfcMLT&l£ : £f^fc o QuikChange™ Site-Directed Mutagenesis Kit ( 
Stratagene, La Jolla, CA) £oTH!4 4 (A) <D * 0 fcWSt»{fc©T 5 J WStm 
fcijfe&Lfc. :«tlLfe:tll ^pxT— i=?Kl<fc5i50»r#tf>Fusion pe 
ptide<D@a?iJT*&5 0 /^7^y «M /V* <^F^ ^/^^ M©Fl©N*SM^»Fusion 
peptidefclWtK WS^Stttfig^&i?. ^Q^OTSy'lfe©^^ F 
^^^H(Dili^|g^m^-r5^^feSii:^^$tb-CV^5 (Bagai, S. & L 
amb, R.A. A glycine to alanine substitution in the paramyxovirus SV5 fusi 
on peptide increases the initial rate of fusion. Virology 238, 283-90 (19 
97)) o ^©fc*miltt^^^i^-CV^5F10N*ffi^^iH^J^i•?:©^^a#$^i: 

t^V ^Srfx 5Zb &&mx&Z>o 

wpnm&bmpfD&j&mnk vxx < %abtix^z>mmxhz> 0 zoimmzz 
<m.</ywK$LZ9—?y7-4 ^?Khm^btix^z>mqx'hz> 0 wm&zm 

8h&J&&Wk LTrfTJK3;h/tV^E?!K?ife£. MMP#2, 6t±, MMP2, 9<D^M^M? 
LGMS^SBM^r^T^-^V^^W (phage display) ^ b^&ofcMMP9{£ 
^J~r5ni/ir^^^SH^!j Pro-X-X-Hy-(Ser/Thr) (Jl bfc^oTPLGMTS, PQGMTSt 
«Lfc (^n-^*lffi3?IJ## : 6 1*5 XXf 6 2) 0 MMP#5(iShneider^©^ (Am 
erican Society of Gene therapy, Annual meeting No. 1163 2002, Boston) <fc 
9PQGLYA (@B?lJ#-5§-: 6 3) iUfc, MMP#4«##N£ ©Fusion peptide£>IEW& 
^£ftftV\ MMP#7fiMMP2(C*j"t-6phage displayfPJ fe^C^ofcS^JtffcSo 

F/HNM^3t^©F©?§^W^«t^^7^5: K©W»0># 
IfflSr^LfCo F/HNift^at^f SrflM6«, pBluscript F/HN±T\ FOJSttflslfMt© 
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M^MAhtCo $£i%<D^MZ.\$^ QuikChange™ Site-Directed Mutagenesis Kit 
(Stratagene, La Jolla, CA) SrfUJB VXKtKtiMl<DjttkK&<>Xft %A 

F(MMP#1): (5'-CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttAnCTTCGGT GC 
TGTGAnGGTACTATCG-3'/@H^J#-^ : 6 4, 5* -CGATAGTACCAATCACAGCACCGAAGAATaa C 
ccCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /BB?'J#^" : 6 5) % 
F (MMP#2) : (5' -CTGTCACCAATGATACXJACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCT 
GTGATTGGTACTATC-3VSH^"J#-§-: 3 2, 5' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCa 
tGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /|B^!l#^* : 3 3) > 
F (MMP#3) : (5* -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGTGCT 
GTGATTGGTACTATCG-3' /SB^J** : 34, 5' -CGATAGTACCAATCACAGCACCGAAGAATaaCc 
cCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3'/@B^!l#-^" : 3 5), 
F(MMP#4) : (5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCnCGGTGCTGTGATT-3' /@E^J#^- : 
3 6, 5' -MTCACAGCA(XGMGMTCcCaACgGGGGAGCA(XGGCATTtTG-3' /@B?'J#^* : 3 7) 

y 

F (MMP#5) : (5' -CTGTCACCAATGATACGACACAAAATGCCccTcagggCttGtatgctTTCTTCGGTGCT 

CTGATTCGTACTATC-3' /E?>J## : 6 6, 5' -GATAGTACCAATCACAGCACCGAAGAAagcataCa 

aGccctgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3'/IB^iJ#^- : 6 7) 

F (MMP#6) : (5' -CTGTCACCMTGATACGACACAAMTGCCccTcaaggCatGaCGAGtnCTTCGGTGCT 

GTGATTGGTACTATC-37gB?lJ#-t : 6 8, 5' -GATAGTACCAATCACAGCACCGAAGAA aCTCGt 

CatGccttgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /IB^J#-§- : 69) 

F(MMP#7): (5'- CTGTCACCMTGATACGACACAAMTGCCctTgcTtaCtataCGgctTTCTTCGGTGC 

TGTGATTGGTACTATC-3' /SBPlj## : 70, 5' -GATAGTACCAATCACAGCACCGAAGAAagcCGt 

ataGtaAgcAagGGCATTTTGTGTCGTATCATTGGTGACAG-3' /MB^J#"S* : 71) 

F(MMP#8) : (5'-CTGTCACCAATGATACGACACAAAATGCCccTctTggCttGgCGAGaTTCTTCGGTGCT 

GTGATTGGTACTATC-3' /E79## : 72, 5' -GATAGTACCAATCACAGCACCGAAGAAtCTCGcC 
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aaGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' : 7 3) 

/K£^fB#£^A^**LW5. EcoRi-c^a *> m u p caggs^ 

Zfl?fr<DWM&*rrZ>'<* ^-tEGFPSt^f fc^*"*^ *~ (pCAGGS/EGFP 
) U MMP*KB3SmUW5m080l!:h7^7*^^3yUfc. -to 

ASrJgjfcLfc (04(B)) o itbfe©IB^Jt*5iT*fc50^ ^nxr-if^iS 
§||ff, F1^^^^0N*<ffi^Hy-S/T-S/Tga^J (MTS) *Sf*!»§*lS - bT*h&o 
ZOZb £?)Hy-S/T-S/T@B?iJ (4#l£MTS@B?iJ) ©fWP1?*>tltfs HT1080£5i5£>MMP 

^ : 0^^#«fcUrv^5^^4^V^^;^x.bt^5„ — ^ MMPift, #3, #4, 
#5, ,#7, *3,fct«t8©»£\ ^M^^<^b^^ofc 0 MMP#4^r^<i--<-C 

7*-*&^&&V^ % HT1080tf>Phorbol ester£«fc5MMPtf)^fc £oTMMP#4tfS^ 

& bid £ OMMP#2, #6©SH^J^>St^Olfc|55 1 £#60>Fusion peptideIE?lJ<Z> 
N«» b 7 # @ £ 12# g OSH^lJ £G^ £>A— « LfcSB^iJ ^lfliP*£ft# 
«jft*Blia»-&ffiSr»l^bfc(H4 5). £<0F/HNBte»^©&M*Afc^L;fc 
GtibtV *<DE&\tt. 5' -cnCGGTGCTGTGATTGcTACTATCGCACTTGcAGTGGCGACATCAGCA 
C-3' <&M&%-': 7 4) iJoJlTJ 5 5' -GTGCTGATGTCGCCACTgCAAGTGCGATAGTAgCAATCACA 
GCACCGAAG-3' ffiB#l## : 7 5) ffcSo /Jv£^ffi#&£»A&£***L--t^ 

5. 3131^7*5: K©W*U4±1B£|ia«fc* 2EM«r*A*k:EcoRIT?«)»)fflb, pC 
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'<9(Dl&&&!tD±]AtZ>'&.&h fC$R#**l*CV^SG^5>A^©S6A (Peisajovich 
, S.G. , Epand, R.F. , Epand, R.M. & Shai, Y. Sendai virus N-terminal fusio 
n peptide consists of two similar repeats, both of which contribute to me 
mbrane fusion. Eur J Biochem 269, 4342-50 (2002)) Sr^btlAtti^ (# 
6G12A) , »-&tB#l 0^-OimTf-^bTL^ofCo Cttfe©fe*J: 

fr-CttF* ©ffittSrHH^J-S - h jJSTft-fFtisionffiS:^ 5 3§£-^#V N £ t # 
ctl4/Linker/HN©3r^ ^<t^ - 

mk^^y-y^ v^^*^ ^m-t^^tKx^x^ e>fcsst&&i*©±jw $ 8i 

?ttc 0 gfe^MF^fe^M^C^MSeV^/ AcDNA(Diie^1ill5r^T^>^feT <; fTofco Se 
V/F(MMP#6) AM-GFPlcMLTft, SftftW 1 6 iR<KO**"T?ffofc. Ffcfc?-^© 
3gft*Af±Ba?a## : 69<D^-U K£rfflV\ LITMUSSall/Nhelf rg A M-G 

FP±"CQuikChange™ Site-Directed Mutagenesis Kit (Stratagene, Lajolla, CA) 
SrflJJB l/TKit fcSBttO^fcftoTfrofc. ^^SAbfcLITMUSSall/Nhelf 
rgAM-GFPOSal I, Nhe I XM\$k(D7y ^ ^ h fcF^SWfclCEO^tfi^-SrtS 
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^LfcFjX^-fe-V^ flsX&SUf S J*cWk (pSeV+18/F-GFP:Li, H et al J. 
Viol. 74, 6564-6569 (2000), W0OO0/70070) tf>Sal iRXMie IVffiikLfrWlkfc 
tt^Wv?* l/Y^y-i !f—*SB yU SeV/F(MMP#6) AM-GFPtf>c6NA£:flifiL 
tc (04 6). ??Z/s<f$l<DmmW)?*4>(02B7$;&&X&Z&1^2&&Z 

/VX (SeV (TDK) /Fct 14 (MMP#6) A M-GFP) HiLXfP/M** 7* * 
^LfcM^^M-fe^^^^^(SeV(TDK)/ Fctl4(MMP#6)/Linker/HN A M-GFP) 
(DffiMfc-? f^5-9 * — — b-t !M /V*cDNA (pSeV (TDK) 1 ffcl") ( 

^^2002-272465) t Lfc„ F^ ®<D«K K;* -f >-£trancate 

LtcMX&Wz^^ &4A'XSeV(mO/Pctl4(WH&) A M-GFP YHzXT <D <fc p fcftgg 
UfCo TDK^TO^-rSfc*, 3;1*pSeV(TDK)/AM-GFP£#lS!Lfc 0 LITMUSSall/Nh 
eIfrgAlH»FP*»S!tUT^^^^— (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCAT 
GGTGAGCAAG GB#!## : 94) £ GFP-EIS-BssHII : ATCCGCGCGCCCGTACGATGAACTTTCA 
CCCTMGTTTTTOTACTACGGAGCTTTACTTGTACAGCTCGTC (§E?!l#-§- : 95)) £{£oTPCR 
tio-C*filLfc6FP/EIS (fe?iM^^^t;^=i-Kt5 EISga?iJ^#*Db 
fcGFP) i: A-f- ^ n — =. y ?D-4 h-t^fJ cDNAfcNhel, BssHI ItHMZ 

pSeV (TDK) / A M-GFP^f^®! UfCo 

$ bt^^!|31^^LfcpCAGGS/Fctl4(MMP#6)/Linker/HN^^{>: LT^:/ 
7^-r-Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG (SB?iJ#-§- : 96) , RtfFctl 
4-EIS-Sal I: ATCCGTCGACACGATGMCTTTCAC(XTMGTTTTTCTTACTACTTTMCGGTCATCT G 
GATTACC (|H?lJ#-i- : 97) SrffiotPCRK: J;o-Ciii|i@L/cFctl4(MMP#6)SrFal^O 
^*!l|CF©ftIluSA, fi*U pSeV(TDK)/Fctl4(MMP#6) AM-GFP^#^Lfc ( 
14 6) 0 F/HN^^7^^^^^bfcM^M-feV^^-f;V^ (pSeV( 

TDK) /Fctl4 (MMP#6) /Linker/HN A M-GFP) (DflltftSrfTofc. GFP£ri#iSl£ tt-p^ 
^7 4^^- (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG : 98) 

GFP-EIS-Sal I : ATCCOTAGCCCGTACGATGMCmCACCCTMGTTmCTTACTAC^AGCTTTA 
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CTTGTACAGCTCGTC : 99)) Sr&oTPCRKl.fcoTitii'ILfcGFP/EISt^A' 

=f-txi— ^.-yjfy-j hir^^f iM/V^cDNASrNhe I, Sal I*Q.S£U 77^ 
1/ h & 9 >f a 6 £ £ i £ ^fitte^** GFP 

fcWfc bfc, pSeV (TDK) / A M A F-GFP£fls$! Ufc a $ ^^^311?^ LfcFct 14 
(MMP#6)/Linker/HN?rilM{CLX, ^/y^^F/mfc' Nhe-F: ATCCGCTAGCAGT 
TCAATGACAGCATATATCCAGAG (@B?iJ#-5§- : 100) , F/HN3' Nhe-EIS-R*- ATCCGCTAGCACG 
ATGMCTTTCACCCTMGTTTTTCnACTACTTnMGACTCGGCCTTGCATAA (1H^J#-^ : 101)) £ 
TPCRid «fc o Ti&ilB bfcFctl4 (MMP#6) /Linker/HN£ ±IBcDpSeV (TDK) / AMAF-G 
FP£>Nhe y-T6i<bt-J:oTpSeV(TDK)/Fctl4(MMP#6)/Linke 

r/HN A M-GFP^«^ Lfc 

H^!l3 2T*1i|gt^cDNA^f>(Dl>^;V^Off^«Life(D^ (Li, H.-0. e 
t al., J. Virology 74. 6564-6569 (2000), W000/70070) fcfl§o"CfTofc 0 U*» 

u nsrafcHfc^-efc 5 (dx\ m e h 7 ^ t^-r 5 - 1 ^ 

pT^^^W^-« (HJgtfllll) SrflJJBLfc. ^/W^M«}-«Cre/loxP 
3&&«a*^*^A&#JJBLW;5. SR^^^ttCre DNA >J aVtr-?— 
0 a-^f-mifc^flSIHSm-rS £ 5 fcK«"£;h,fc:79 * 5 KpCALNdLw (Arai, T. e 
tal., J. Virol. 72: 1115-1121 (1988)) StfHJJB Ufct>0>T?*> 5 , 
<D h7^7t- ^ h tCre DNAU ^^-^^^^WfcZ-Ti" J V A 
(AxCANCre) £Sai to (Saito, I. et al. , Nucl. Acid. Res. 23, 3 

816-3821 (1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) "Cfl&fe 
£-&TlfAit^£3§5l£«o FO^tt^«?r»UfcM^^MSeV(7)S#^« 
giTCi^-ftofco LLC-MK2$BJ&£- 5X10 6 cells/dishT-100mm<£>^— Miff 
t % 24l$|ia$*fts y^W^ (psoralen) (365nm) T-20£«S 

LfcT7^i) * ?~t?«r38m-*"S y 3>t*^ h^v^T^/V* (PLWUV-VacT7 
:Fuerst, T.R. et al. , Proc. Natl. Acad. Sci. USA 83, 8122-8126 (1986)) 
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££fi-CrB#ISlJa$S$*fc. (MOI 2) „ M£^jh?t©MEM^#-Lfc^ N 

% KpSeV/F(MMP#6) AM-GFP (^V^»pSeV(TDK)/Fctl4(MMP#6) AM-GFP, pSeV(TDK)/ 

Fctl4(MMP#6)/Linker/HN AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al 

Genes cells 1, 569-579 (1996)) pGEM/MR tFpGEM/F-HN (Li, H.-0. et al. , 
J. Virology 74. 6564-6569 (2000), W000/70070) Sr-^rtl/^tb^ n g, 4/zg, 2/zg 
, 4/zg, 4AtgS.t^4Mg/'dish<D41t"T?0pti-MEM (Gibco-BRL, Rockville, M0) K 
MMl^s 1/ig DNA/5juLtIii£>SuperFect transfect ion reagent (Qiagen, Bothe 
11, WA) ZAfrXm&U £fi^l5#|HHfflt8K &m#iK3% FBS £r^5 t?0pt i-MEM 
3mL^ ttJ&fcaSJbn LXigm bfc 0 5H#liBJ&*&JlL?*«r£* ftV ^MEI|-C 2 tHSfe# 
L N 40/ig/mLO Cytosine /J-D-arabinofuranoside (AraC : Sigma, St. Louis, 
M0) RW. 5 a g/mL£>Trypsin (Gibco-BRL, Rockville, MD) triffiirCJtfJI bfc 
o 24B#fg#*BL 8.5X10 6 cells/dish*>fe9lCFSe*SF«BS^-rS«IBja (LLC- 
MK2/F7/M62/A : HjiM 1 2 ) Srfi® U 40 # g/mL© AraCRm. 5ju g/mL<DTrypsi 
nSr^tfMEMT-HK 2 0 |HJ37 < C-CJ&at Lfc (P0) 0 £*lb©»fl&«:II|l|JlU 
h &2mL/dish;fefc 0 CD 0pti-MEM{£!M Lfco 3 mt!k 9 Ltc^ 

7 J h&ZCDt. ^LLC-MK2/F7/M62/Al- f7^7x^^3VU 40 n g/mLCO 
AraC s 7. 5 g/mLCOTrypsinS.TJ ? 50U/mLCOtype IV collagenase (ICN, Aurola, OH 
) £^(pSeV(TDK)/Fctl4(MMP#6)/Linker/HN AM-GFP<D^trypsinCO^)il^^r 
^£/j^llEll£/8l*2 , C-T?J8£ Lfc (PI) 0 3 ~ 1 4 0 #&#±?ittf>-g&£ t V . 
fffc^IiSbfcLLC-MK2/F7/M62/A^ii^^^ 40ng/nL<D AraC, 7. 5 ju g/mLtf>Try 
psiaRT>*50U/mL<mype IV collagenase£^(pSeV (TDK) /Fctl4(MMP#6) /Linker^ 
N AM-GFP(D#a•trypsin©^)Jk?t^^^V^MEM<lrffiV^32 < C•C^«L/cl (P2) „. 
3~1401 \Z%xtz t-fltt L7 v cLLC-MK2/F7/M62/AlcSSii^ £ i3\ 7. 5 /x g/mL©Tr 
ypsin&t^OU/mLOtype IV collagenase£<a#- (pSeV (TDK) /Fctl4 (MMP#6) /Linker 
/HN AM-GFP^-g-trypsinCO^) jk?f£^3:&^MEM£/l^32 c CT' 3 ~ 7 0 HQ«H 
Lfc (P3) „ [Hli|XUfcig«±*{^^l%^^5J;5{-BSA^^Pb-80 o C^-C^: 
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#Lfc„ *:©&©£j£RT*in vitro^«Lfc 0 

£JLh©£5fc:, FSfi®HS!gB&£PLGMTS (E?lJ#-§- : 61) ^bPQGMTS (SB^J# 
-§-:62) tUfcSeV/F(MMP#6) AM-GFP. cytoplasmic domain &28T 5 7 IfeiJofcS 
eV(TDK)/Fctl4(MMP#6) AM-GFP, & £t>T/HN©3rp< 7 * £fg^LfcSeV(TDK) 
/Fct 14 (MMP#6) /Linker/HN A M-GFP<D^gli-/&5fj L fc e 

# 

Mlil^SrS'J^bfc (04 7) „ (HT1080, U87MG, A172, U251, SW 

480, LLCMK2) 9*g**£;h,fc#ift-C24well plate^confluent 

5K*VVfc 0 U87MG (ATCC NO. HTB-14), A172 (ATCC No. CRL-1620) fctATCCi 9 
JgALfc. U251 (IFO50288) {4JCRB cell bank £9^AUc 0 yHflfcifiT? 2 tslgfc 

fr*^? (SeV/AM-GFP) £rM0I=0. IT* 
«£-£fc 0 iStlWIils MEMigifeTift^U 0. 5 ml©l%FBSSS*nMHlSr24 
well plate}C*Px.fc 0 48#IW&ai«* IS&WWftOlOOfflFftlfifcfc 0 (0. 3 cm 2 )<£> 
iSk^-Ufc W'Vf-^A©*** b Lfc 0 t> b< m%Paraformaldehyde^^ 
UT2Np|H@3fe*ffiaSrfr^ofcfl, 70%^^ yl\ 5 #Mhematox 

ylinJfe£&frV\ yJcflfcSK ^y^^A«^LTVN^0.3 cm^fc*)^^^ 

MMP2, 9CDB^(4H*0!l 2 2 "C^Tofcgelatin zynrographyfcioTH/^&fc (19 
4 8) o ^©^^ HT1080, U87MG, AmX*MP2<Dm%L&WM&tltc 0 £fcU251t 
SW480TM6V W9©38&#?tR£;h,fco LLCMK2XMMP2(D^Wfc5 J; 5 (i^.^L^(D 
mKlfiL?*«r£A/-CV^fc«\ iL«*(DIIMP2<Z)fiHt^^-CV^5 0 -ttb-?tbO*«B 
fl&#iafi3felfe2 BSL GFP©j£dS»3Sr«385Ufco -to**** «Mtf>SeV/F(MMP#2) 
A MMJFPX«j£#bft^o 7^11251, SW480^*5VN-Cefe^MFgfe^M^^^^^ ? 
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4^^??- (SeV (TDK) /Fctl4 (MMP#6) /Linker/HN A M-GFP) T*®6^i4^^fe 
ftSJcMcftofc *T*te^£ftV\$5 N -^r^MLewis lung carcinoma, 

glll±(DfijJBOBr^# 
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«^rm^L-c&^ (b) ^Fiesffco-c, sse®©wsss 

o 

y7^ * —T? h 3 . »*g 1 fl> £> 5 <DV vf Hd*R:Sii©1ft^#o 

7. S^xT— iffcioTMS^tbSBSflli^ Pro-Leu-Gly, Pro-dn-Gly, * 

fc&Val-Gly-Arg£^tf\ t»#5( 1 6 ©V >i^jWClBiJ©»&ffc> 
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10. /-?7^y?^/V*©y/ARNA-efco-C (a) MUSft^r^— K"t~£>t£ 

) m^^^^^^^tzB^X^^ ^^^Mi-^ti^U (2 
(i) ./^7 5^ y«M/i"*<^£llMM6ff£3§m-f SiMc&vvCx 5 * 

o 

11. ^y^^y^-f/V^^/^RNA-efcoT, (a) &#ttayR&3rt"5IIS 

ei^a-Ku a*o (b) gfesBPsew-cfco-c. ^ses^ww^saw 

SSSSr=»— Ki"S^/ ARNA&^-rS-M/V^^fcoT, (1) /V* 

&^^*A**bfc«BifirtT«^/^m^ift»-t-5t6*«r^ru (2) m^.tmm 
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1 2. is a) £35°c^T-efT^ o -fcfctei lKmmvjjm, 

13. it a) ~ ai) <d&%< kh^-fnfrv&Mfc&^xm&^Fm&w*: 

14. a) fc#\,^xm$$fofoX'/<7*?y$4frx<D^mpm&K&?£$L 

1M (i) ~ (ii) (D'J?t£< t^*1rtifr(DmM\zWim&%*FW&'M:$:fflM 
t5/pf7«-f^#S$-f5K fcSVMilg (ii) K^^xm&ZtltO-f 

16. ^ * y ^^;^FS6»OMeiffcot, TOSB&filPro-Leu-Gl 
y, Pro-Gln-Gly, ^7HiVal-Gly-Arg£^^ vhy y^x^^DynrT^-fJ 

17. 6!.|Ef ©f &f ^n^Kt-Sm 

^^:*iv^Ts:v^©g6«^^Lrv^5iK^ae^r^*>or, mmm^m^w^ 
e« 0 



WO 03/093476 PCT/JP03/05528 

124 

2 1 . m&i 9 K:«*w>B&*f K1-S«o 

2 2 . 2 1 l£fEife<D«£"£ti"<* 
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NotlNael Sail ApaLI| ApaLI Nad Nhel 
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T7 NP P M GFP HN L Rbz 
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17 NP P M GFP HN L Rbz 
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SEQUENCE LISTING 
<110> DNAVEC RESEARCH INC. 

<120> A vector with an altered tropism of protease dependency 
<130> D3-A0202P 

<150> JP 2002-129351 
<151> 2002-04-30 

<160> 101 

<170> Patentln version 3. 1 

<210> 1 

<211> 3 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence proteolytic cleavage 

<400> 1 
Met Thr Ser 
1 
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<210> 2 

<211> 3 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolytic cleavage 
<220> 

<221> misc_feature 

<222> (2).. (2) 

<223> The 'Xaa' at location 2 stands for Leu or Gin. 

<400> 2 
Pro Xaa Gly 
1 

<210> 3 

<211> 6 

<212> PRT 

<213> Artificial 



<220> 
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<223> artificially 

synthesized sequence for proteolytic cleavage 

<220> 

<221> misc_feature 
<222> (2).. (2) 

<223> The ' Xaa' at location 2 stands for Leu or Gin. 
<400> 3 

Pro Xaa Gly Met Thr Ser 
1 5 

<210> 4 

<211> 5 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolytic cleavage 
<220> 

<221> misc_feature 

<222> (2).. (2) 

<223> The ' Xaa' at location 2 stands for Leu or Gin. 
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<400> 4 

Pro Xaa Gly Met Thr 
15 

<210> 5 

<211> 4 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 

<400> 5 
Pro Gin Ser Arg 
1 

<210> 6 

<211> 3 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolytic cleavage 
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<400> 6 
Val Gly Arg 
1 

<210> 7 

<211> 3 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 

<400> 7 
Gin Ser Arg 
1 

<210> 8 

<211> 10 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 
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<400> 8 

ctttcaccct 10 



<210> 9 

<211> 15 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 

<400> 9 

tttttcttac tacgg 



<210> 10 

<211> 18 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence containing Not I site 



<400> 10 

cggccgcaga tcttcacg 



18 
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<210> 11 

<211> 39 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 11 

gaaacaaaca accaatctag agagcgtatc tgacttgac 

<210> 12 

<211> 39 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 12 

gtcaagtcag atacgctctc tagattggtt gtttgtttc 



39 
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<210> 13 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 13 

attacggtga ggagggctgt tcgagcagga g 

<210> 14 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 14 

ctcctgctcg aacagccctc ctcaccgtaa t 



31 



WO 03/093476 



9/55 



PCT/JP03/05528 



<210> 15 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 15 

ggggcaatca ccatatccaa gatcccaaag acc 



<210> 16 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 16 

ggtctttggg atcttggata tggtgattgc ccc 



33 
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<210> 17 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 17 

catgctctgt ggtgacaacc cggactaggg gttatca 37 



<210> 18 

<211> 37 

<212> DNA 

<213> Artificial 



<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 18 

tgataacccc tagtccgggt tgtcaccaca gagcatg 
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<210> 19 

<211> 41 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 19 

cttgtctaga ccaggaaatg aagagtgcaa ttggtacaat a 41 

<210> 20 

<211> 41 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 20 

tattgtacca attgcactct tcatttcctg gtctagacaa g 



41 
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<210> 21 
<211> 14 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 
<400> 21 

Met Ala Asp He Tyr Arg Phe Pro Lys Phe Ser Tyr Glu Cys 
15 10 



<210> 22 

<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 

<400> 22 

Leu Arg Thr Gly Pro Asp Lys Lys Ala He Pro His Cys 
1 5 10 
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<210> 23 

<211> 14 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 
<400> 23 

Cys Asn Val Val Ala Lys Asn He Gly Arg He Arg Lys Leu 
15 10 



<210> 24 

<211> 48 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 24 

agagtcactg accaactaga tcgtgcacga ggcatcctac catcctca 



48 
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<210> 25 

<211> 48 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 25 

tgaggatggt aggatgcctc gtgcacgatc tagttggtca gtgactct 48 



<210> 26 

<211> 55 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

<400> 26 

tctcgagtcg ctcggtacga tgaaaaagcc tgaactcacc gcgacgtctg tcgag 55 
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<210> 27 

<211> 83 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

<400> 27 

aatgcatgat cagtaaatta caatgaacat cgaaccccag agtcccgcct attcctttgc 60 
cctcggacga gtgctggggc gtc 83 

<210> 28 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 28 

ccaatctacc atcagcatca gc 



22 
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<210> 29 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 

<400> 29 

ttcccttcat cgactatgac c 21 

<210> 30 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 

<400> 30 



agagaacaag actaaggcta cc 



22 
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<210> 31 
<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolotic cleavage 
<400> 31 

Pro Leu Gly Leu Gly Leu 
1 5 

<210> 32 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 32 . 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcat gacgagtttc ttcggtgctg 60 
tgattggtac tatc 74 
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u 

<210> 33 
<211> 74 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 33 

gatagtacca atcacagcac cgaagaaact cgtcatgcca agaggggcat tttgtgtcgt 60 
atcattggtg acag 74 

<210> 34 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 34 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct ggggttattc ttcggtgctg 60 
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tgattggtac tatcg 75 



<210> 35 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 35 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 60 
tatcattggt gacag 75 



<210> 36 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 
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<400> 36 

caaaatgccg gtgctccccc gttgggattc ttcggtgctg tgatt 45 



<210> 37 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 37 

aatcacagca ccgaagaatc ccaacggggg agcaccggca ttttg 



<210> 38 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 
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<400> 38 

gacacaaaat gccggtgctc ccgtggggag attcttcggt gctgtgattg 50 



<210> 39 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 39 

caatcacagc accgaagaat ctccccacgg gagcaccggc attttgtgtc 50 



<210> 40 

<211> 11 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from F protein of 
Sendai virus 
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<400> 40 

Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 
1 5 10 

<210> 41 

<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 41 

Gly Val. Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 

<210> 42 

<211> 13 

<212> PRT 

<213> Artificial 



<220> 
<223> 



artificially synthesized sequence derived from mutagenized F 
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protein of Sendai virus 
<400> 42 

Gly Val Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 
1 5 10 



<210> 43 

<211> 10 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 43 

Gly Val Pro Leu Gly Phe Phe Gly Ala Val 
1 5 10 



<210> 44 

<211> 11 

<212> PRT 

<213> Artificial 
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<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 44 

Gly Val Pro Val Gly Arg Phe Phe Gly Ala Val 
1 5 10 



<210> 45 

<211> 16 

<212> PRT 

<213> Artificial 

<220> 

<223> amphiphilic alpha-helix domain of Sendai virus 
<400> 45 

Lys Ala Cys Thr Asp Leu Arg He Thr Val Arg Arg Thr Val Arg Ala 
15 10 15 



<210> 
<211> 
<212> 



46 
8 

PRT 
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<213> Artificial 



<220> 

<223> a synthetic polypeptide 
<400> 46 

Phe Phe Gly Ala Val He Gly Thr 
1 5 



<210> 47 

<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> a synthetic polypeptide 



<400> 47 



Glu Ala Arg Glu Ala Lys Arg Asp He Ala Leu He Lys 
1 5 10 



<210> 48 
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<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> a synthetic polypeptide 

<400> 48 

Cys Gly Thr Gly Arg Arg Pro He Ser Gin Asp Arg Ser 
1 5 10 

<210> 49 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 49 

ccgctcgagc atgacagcat atatccagag a 



<210> 50 
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<211> 40 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 50 

atagtttagc ggccgctcat ctgatcttcg gctctaatgt 

<210> 51 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 
<400> 51 

ccgctcgagc atgacagcat atatccagag a 



<210> 52 
<211> 40 
<212> DNA 
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<213> Artificial 
<220> 

<223> a synthetic primer 
<400> 52 

atagtttagc ggccgctcac cttctgagtc tataaagcac 

<210> 53 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 
<400> 53 

ccgctcgagc atgacagcat atatccagag a 

<210> 54 

<211> 40 

<212> DNA 

<213> Artificial 
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<220> 

<223> a synthetic primer 
<400> 54 

atagtttagc ggccgctcac cttctgagtc tataaagcac 

<210> 55 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer, F-F 
<400> 55 

atccgaattc agttcaatga cagcatatat ccagag 

<210> 56 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> Fctl4-a synthetic primer, Fctl4-R 
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<400> 56 

atccgcggcc gccggtcatc tggattaccc attagc 

<210> 57 

<211> 152 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer, Linker-HN-F 
<400> 57 

atccgcggcc gcaatcgagg gaaggtggtc tgagttaaaa atcaggagca acgacggagg 
tgaaggacca gaggacgcca acgacccacg gggaaagggg tgaacacatc catatccagc 
catctctacc tgtttatgga cagagggtta gg 

<210> 58 

<211> 33 

<212> DNA 

<213> Artificial 
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<220> 

<223> a synthetic primer, HN-R 
<400> 58 

atccgcggcc gcttaagact cggccttgca taa 

<210> 59 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 
<400> 59 

atccgcggcc gcaatggatg gtgatagggg ca 



<210> 60 

<211> 30 

<212> DNA 

<213> Artificial 



<220> 

<223> a synthetic primer 
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<400> 60 

atccgcggcc gcttaagact cggccttgca 

<210> 61 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> MMP cleavage sequence 
<400> 61 

Pro Leu Gly Met Thr Ser 
1 5 



<210> 62 

<211> 6 

<212> PRT 

<213> Artificial 



<220> 
<223> 



MMP cleavage sequence 
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<400> 62 

Pro Gin Gly Met Thr Ser 
1 5 

<210> 63 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> MMP cleavage sequence 

<400> 63 

Pro Gin Gly Leu Tyr Ala 
1 5 

<210> 64 

<211> 75 

<212> DNA 

<213> Artificial 
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<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 64 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct ggggttattc ttcggtgctg 
tgattggtac tatcg 



<210> 65 . 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 65 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 
tatcattggt gacag 



<210> 66 
<211> 74 
<212> DNA 
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<213> Artificial 
<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 66 

ctgtcaccaa tgatacgaca caaaatgccc ctcagggctt gtatgctttc ttcggtgctg 
tgattggtac tatc 

<210> 67 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 67 

gatagtacca atcacagcac cgaagaaagc atacaagccc tgaggggcat tttgtgtcgt 
atcattggtg acag 



<210> 68 
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<211> 74 
<212> DNA 
<213>. Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 68 

ctgtcaccaa tgatacgaca caaaatgccc ctcaaggcat gacgagtttc ttcggtgctg 
tgattggtac tatc 



<210> 69 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 69 

gatagtacca atcacagcac cgaagaaact cgtcatgcct tgaggggcat tttgtgtcgt 
atcattggtg acag 
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<210> 70 

<2U> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 70 

ctgtcaccaa tgatacgaca caaaatgccc ttgcttacta tacggctttc ttcggtgctg 
tgattggtac tatc 

<210> 71 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 71 

gatagtacca atcacagcac cgaagaaagc cgtatagtaa gcaagggcat tttgtgtcgt 



60 
74 
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atcattggtg acag 

<210> 72 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 72 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggctt ggcgagattc ttcggtgctg 
tgattggtac tatc 

<210> 73 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 73 
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gatagtacca atcacagcac cgaagaatct cgccaagcca agaggggcat tttgtgtcgt 
atcattggtg acag 

<210> 74 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 74 

cttcggtgct gtgattgcta ctatcgcact tgcagtggcg acatcagcac 

<210> 75 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 75 
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gtgctg'atgt cgccactgca agtgcgatag tagcaatcac agcaccgaag 

<210> 76 

<211> 49 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 
<400> 76 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
1 5 10 15 

Asn Pro Asp Asp Arg He Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25 30 

He Arg His Met Tyr Thr Lys Gly Gly Phe Asp Ala Met Ala Glu Lys 
35 40 45 



Arg 
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<210> 77 

<211> 34 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 
<400> 77 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
15 10 15 

Asn Pro Asp Asp Arg He Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25 30 

He Arg 



<210> 78 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 
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<223> a partial sequence of Sendai virus F protein 
<400> 78 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
15 10 15 

Asn Pro Asp Asp Arg 
20 



<210> 79 

<211> 11 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 

<400> 79 

Val He Val He Val Leu Tyr Arg Leu Lys Arg 
1 5 10 



<210> 80 
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<211> 50' 
<212> PRT 
<213> Artificial 

<220> 

<223> a linker sequence 
<400> 80 

Ala Ala Ala He Glu Gly Arg Trp Ser Glu Leu Lys lie Arg Ser Asn 
15 10 15 

Asp Gly Gly Glu Gly Pro Glu Asp Ala Asn Asp Pro Arg Gly Lys Gly 
20 25 30 

Val Gin His He His He Gin Pro Ser Leu Pro Val Tyr Gly Gin Arg 
35 40 45 

Val Arg 
50 



<210> 81 ' 

<211> 12 

<212> PRT 

<213> Artificial 



WO 03/093476 



44/55 



<220> 

<223> F protein cleavage site 
<400> 81 

Ala Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 
1 5 10 

<210> 82 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 82 

Ala Pro Leu Gly Leu Trp Ala Phe Phe Gly Ala Val 
1 5 10 



<210> 83 
<211> 12 
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<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 83 

Ala Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 



<210> 84 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 84 



Ala Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 
1 5 10 
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<210> 85 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 85 

Ala Gly Val Pro Pro Leu Gly Phe Phe Gly Ala Val 
1 5 10 

<210> 86 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 86 



Ala Pro Gin Gly Leu Tyr Ala Phe Phe Gly Ala Val 
1 5 10 
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<210> 87 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 87 

Ala Pro Gin Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 

<210> 88 
<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 



<400> 



88 
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Ala Leu Ala Tyr Tyr Thr Arg Phe Phe Gly Ala Val 

1 5 . 10 

<210> 89 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 89 

Ala Pro Leu Gly Leu Ala Arg Phe Phe Gly Ala Val 

1 5 10 

<210> 90 

<211> 23 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 



WO 03/093476 



49/55 



PCT/JP03/05528 



<400> 90 

Gin Ser Arg Phe Phe Gly Ala Val lie Gly Thr He Ala Leu Gly Val 
15 10 15 

Ala Thr Ser Ala Gin He Thr 
20 



<210> 91 

<211> 26 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 91 

Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val He Gly Thr He Ala 
15 10 15 

Leu Gly Val Ala Thr Ser Ala Gin He Thr 
20 25 
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<210> 92 

<211> 26 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 92 

Pro Gin Gly Met Thr Ser Phe Phe Gly Ala Val lie Gly Thr He Ala 
1 5 10 15 

Leu Gly Val Ala Thr Ser Ala Gin He Thr 
20 25 

<210> 93 
<211> 26 
<212> PRT 
<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 93 
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Pro Gin Gly Met Thr Ser Phe. Phe Gly Ala Val He Ala Thr He Ala 
1 5 10 15 

Leu Ala Val Ala Thr Ser Ala Gin He Thr 
20 25 

<210> 94 
<211> 32 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 94 

atccgctagc ccgtacggcc atggtgagca ag 

<210> 95 

<211> 72 

<212> DNA 

<213> Artificial 



<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 95 

atccgcgcgc ccgtacgatg aactttcacc ctaagttttt cttactacgg agctttactt 
gtacagctcg tc 

<210> 96 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 96 

atccacgcgt catgacagca tatatccaga g 

<210> 97 

<211> 66 

<212> DNA 

<213> Artificial 

<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 97 

atccgtcgac acgatgaact ttcaccctaa gtttttctta ctactttaac ggtcatctgg 60 



attacc ^ 



<210> 98 

<2li> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 

<400> 98 

atccgctagc ccgtacggcc atggtgagca ag 32 



<210> 99 

<211> 72 

<212> DNA 

<213> Artificial 



<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 99 

atccgctagc ccgtacgatg aactttcacc ctaagttttt cttactacgg agctttactt 
gtacagctcg tc 

<210> 100 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 100 

atccgctagc agttcaatga cagcatatat ccagag 

<210> 101 

<211> 67 

<212> DNA 

<213> Artificial 

<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 101 

atccgctagc acgatgaact ttcaccctaa gtttttctta ctacttttaa gactcggcct 60 
tgcataa 
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DESCRIPTION 



VECTORS WITH MODIFIED PROTEASE- DEPENDENT TROPISM 
Technical Field 

The present invention relates to cell fusion vectors with 
modified protease-dependent tropism, and methods for producing the 
same. The vectors of this invention are useful as gene therapy vectors 
that show cancer-specific infection. 

Background Art 

Development of gene therapy for cancer has been advancing in 
recent years. Hitherto, the present inventors have developed gene 
-therapy vectors using the Sendai virus (SeV) . SeV is a virus of the 
paramyxovirus family and belongs to a group of viruses comprising 
nonsegmented negative strand RNA as its genome. Paramyxoviral 
vectors enable high transfection rate and overexpression of foreign 
genes, and are expected to serve as gene therapy vectors for cancer. 
To date, a number of cancer therapies using paramyxovirus have been 
performed. For example, BHK21 cells infected with Mumps virus were 
observed to show anti-tumor effects in tumor-bearing nude mice (Minato, 
*N . etal., J. Exp. Med. 149, 1117-1133, 1979). Similarly, antitumor 
effects have been reported in other paramyxoviruses. Recently, the 
antitumor effects of fusogenic proteins are attracting attention. 
Galanis et al. reported that cancer cells infected with an adenoviral 
vector that carries the F and HN proteins of measles virus form 
syncytia, resulting in antitumor effects in vivo (Galanis, E. et al., 
Hum. Gene Ther. 12, 811-821, 2001). 

Needless to say, cancer that does not metastasize can be treated 
by surgically removing that portion, and metastatic cancer and 
malignant cancer are considered synonymous . Infiltrating metastatic 
cancers are known to overexpress matrix metalloprotease (MMP) and/or 
plasminogen activators (uPA, tPA) (Cox, G., and O' Byrne, K.J., 
Anticancer Res. 21, 4207-4219, 2001; Andreasen, P. A. et al., Cell 
Mol, Life. Sci. 57, 25-40, 2000). This overexpression is believed 
to occur due to the fact that infiltration and metastasis become 



possible only after the surrounding extracellular matrix (ECM) , which 
is an obstacle preventing cell transposition during metastasis and 
infiltration of cancer cells, is degraded through the expression of 
enzymes (MMP, uPA, tPA) that degrade the ECM by cancer. 

On the other hand, three problems have been raised regarding 
gene therapies for cancer. Firstly, since the gene transfer 
efficiency into cancer cells is low and gene transfer to the core 
of a solid cancer cannot be easily accomplished, genes cannot be 
transfected to the entire cancer. Accordingly, remaining cancer 
cells start to proliferate again, which leads to recurrence. 
Secondly, genes are transfected not only to cancer cells but also 
to normal cells. Toxic genes injure the normal cells, thereby 
resulting in increased side-effects. Thirdly, the occurrence of 
infiltration and metastasis as the cancer becomes malignant is a 
problem in all kinds of cancer therapy. To date, a vectors that solves 
these problems has not yet been developed. 

Disclosure of the Invention 

The present invention provides novel cell fusion vectors with 
modified protease-dependent tropism which infiltrate into 
surrounding cells only in the presence of a particular protease; and 
methods for producing the same. 

The paramyxovirus family of viruses, which includes Sendai 
virus, comprise two proteins in their envelope. The fusion (F) 
protein achieves membrane fusion between the virus and its host cell 
which results in release of nucleocapsids into the cytoplasm. The 
hemagglutinin-neuraminidase (HN) protein has hemagglutinating 
ability and neuraminidase activity, and plays the role of binding 
to a host receptor. The F and HN proteins are also called spike 
proteins, as they are displayed on the surface of the viral envelope. 
The matrix (M) protein lines the envelope and gives rigidity to the 
viral particle. The characteristics of the present vectors are such 
that they allow highly efficient gene transfer to a wide variety of 
cells and animal tissues, and accomplish high level of expression 
as compared to existing vectors. 

The F protein (FO) does not show cell fusion activity. Its 



fusion activity is displayed only upon cleavage by a host-derived 
protease, which results in degradation into Fl and F2 . Therefore, 
the proliferation of viruses carrying the wild-type F protein is 
limited to those types of tissues that express a trypsin-like protease 
which allows for cleavage of this protein, such as respiratory mucosal 
epithelium. Various studies have been carried out on paramyxoviruses 
regarding modification of the tropism of infection or fusogenicity 
due to modifications of F. In the interest of SeV, a variant 
comprising F that is cleaved only by a-chymotripsin has been shown 
to lose trypsin sensitivity, which, in turn, changes its tropism 
specific to the cleavage sequence of F (Tashiro, M. et al., J. Gen. 
Virol. 73(Pt 6), 1575-1579, 1992). Furthermore, in Newcastle disease 
virus and in Measles virus, it has been shown that the 
syncytium-f orming ability changes in a trypsin-dependent manner due 
to the modification of the cleavage sequence of F (Li, Z. et al., 
J. Virol. 72, 3789-3795, 1998; Maisner, A. et'al., J. Gen. Virol. 
81, 441-449, 2000) . 

By modifying the cleavage sequence of the F protein as described 
above, vectors may be infected to and proliferated in specific tissues 
and such which express a certain protease. However, one of the 
problems with paramyxoviral vectors is the secondary release of 
viruses from cells, which occurs after the vector is introduced into 
a target cell. In a cell infected with replicative viruses, a virion 
is formed and daughter viruses are released. Therefore, viral 
particles also spread to sites other than the target tissue. Although 
viral particles comprising wild-type F proteins as described above 
do not show infectivity in the absence of trypsin-like enzymes, viral 
particles themselves are released from cells. For in vivo 
administration, the concern is that a viruses that has spread into 
the blood will spread to the entire body. Furthermore, release of 
virus-like particles (VLPs) has been observed from cells transfected 
with F gene-deficient SeV (Li, H.O. et al., J. Virol. 74, 6564-6569, 
2000; WO 00/70055; WO 00/70070) which lacks the replication ability. 
Infection to tissues other than the target tissue and induction of 
immune response are of concern with such secondary released particles . 

Accordingly, the present inventors discovered that 



paramyxovirus lacking the M gene among the viral envelope genes does 
not show particle formation, but does allows for cell fusogenic 
infection through the formation of a syncytium through the fusion 
of infected cells and cells contacting these infected cells (WO 
00/09700) . These M-deficient viruses are replicated in transfected 
cells, and are delivered to adjacent cells in the presence of trypsin. 
However, this is a phenomenon that occurs only under conditions where 
F is cleaved and activated. In viruses comprising the wild-type F 
protein, transfer of viruses will not occur under conditions without 
trypsin-like proteases. Thus, the present inventors postulated that 
a novel vector which does not produce secondary released particles, 
and which can spread the infection only in a specific tissue, can 
be developed by modifying the tropism of the F protein in this 
M-deficient virus. In particular, many infiltrating metastatic 
cancers are known to have enhanced activity of proteases, such as 
MMP, uPA, and tPA, which degrade ECM . Accordingly, the present 
inventors utilized the protease-dependent cell fusogenic infection 
of this M-deficient SeV and the phenomena of overexpression of MMP, 
uPA, and tPA in cancers in combination to prepare SeV vectors that 
specifically infect and spread to invasive metastatic cancers. 

An M-deficient virus lacks the M gene needed for particle 
formation. Therefore, viral particles are either not released or are 
extremely suppressed in such a virus. When conventional 

reconstitution methods are used to produce a recombinant virus having 
the ability to replicate (Kato, A. et al., Genes Cells 1, 569-579, 
1996) , RNPs of the M-deficient virus can be prepared but infectious 
viral particles are not (WO 00/09700). When using the M-deficient 
vector as a cancer therapeutic agent, it is extremely useful to prepare 
the M-deficient virus as an infectious viral particle. Therefore, 
the present inventors developed novel production methods for 
preparing M-deficient viruses as viral particles. 

To achieve the objective - to construct vectors with suppressed 
VLP release, the present inventors considered the use of 
temperature-sensitive mutations in the viral gene. Mutant viral 
strains that can be grown at low but not high temperatures have been 
reported. The present inventors conceived that a mutant protein, 



particularly a mutant M protein, which suppresses virion formation 
at high temperature, could be used to suppress VLP formation in such 
a way that virus production could be carried out at a low temperature 

(for example, at 32°C) , but practical application of the virus, such 
as for gene therapy, could be carried out at a higher temperature 

(for example, at 37°C). For this purpose, the present inventors 
constructed a recombinant F gene-deficient Sendai viral vector, which 
encodes mutant M and mutant HN proteins that have in total six 
temperature-sensitive mutations reported in M and HN proteins (three 
for M protein, and three for.HN protein) . VLP release for this virus 
was tested, and the level was determined to be about 1/10 or less 
of that of the wild-type virus. Further, immunostaining with an 
anti-M antibody was used to analyze M protein subcellular localization 
in cells in which the Sendai virus vector with suppressed VLP release 
had been introduced. The results showed that introduction of virus 
with suppressed VLP release significantly reduced M protein 
aggregation on cell surfaces as compared to cells containing the 
introduced wild-type virus. In particular, M protein condensation 
patterns were extremely reduced at a high temperature (38 °C) . The 
subcellular localization of M and HN proteins in cells infected with 
SeV containing a temperature-sensitive mutant M gene was closely 
examined using a confocal laser microscope. M protein localization 
on cell surfaces was significantly reduced, even at a low temperature 

(32°C), and was observed to have morphology similar to that of a 
microtubule. At a high temperature (37°C), the M protein was 
localized on the microtubules near the centrosome, that is, near the 
Golgi body. The addition of a microtubule-depolymerizing agent 
resulted in the disruption of the M protein localization structure. 
This occurred both in SeV comprising the temperature-sensitive M gene 
and in SeV comprising the wild-type M gene. This raised the 
possibility that M protein actually functions by localizing along 
microtubules. These findings confirm that the reduced level of 
secondary particle release in the case of viruses having 
temperature-sensitive mutations was due to insufficient 
intracellular localization of the M protein, a step believed to play 
a central role in particle formation. Thus, VLP formation can be 
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effectively suppressed by preventing the normal intracellular 
localization of M protein. Furthermore, • interaction with 

microtubules may be important for M protein function. For example, 
secondary particle release can be reduced through disruption of M 
5 , protein subcellular localization, a step achieved using a gene 
mutation or pharmaceutical agent developed to inhibit M protein 
transport along microtubules from Golgi bodies into the cell. In 
particular, the present inventors found that recombinant viral 
vectors whose particle formation ability had been reduced or 

10 eliminated could be provided by preparing viral vectors comprising 
a mutation leading to defective M protein localization. 

By deleting the M gene from the virus, the present inventors 
constructed a virus in which aggregation of M protein on the cell 
surface is completely suppressed in cells transfected with the virus. 

15 For this purpose, the present inventors constructed helper cells that 
can inducibly express the wild-type M protein that may be used to 
produce M gene-deficient viruses. By using these cells, collection 
of viral particles, in which the RNP of F-modified M gene-deficient 
viruses are enclosed in an envelope comprising the wild-type M protein, 

20 was accomplished for the first time. The methods of the present 
invention enable the production of viral particles at a concentration 
of lx 10 8 PFU/mL or more, and therefore , recombinant viruses sufficient 
for practical use, particularly clinical use, are provided for the 
first time. Furthermore, the virus production system of this 

25 invention avoids the possibility of contamination by other viruses 
and enables the production of highly safe, high-titer vectors for 
gene therapy. A practical F-modified M-deficient paramyxovirus was 
provided for the first time by using the M-deficient SeV production 
system of this invention, which supplies the M protein in trans by 

30 utilizing M-expressing cells. 

The present inventors used infectious viral particles 
constructed as described above and verified the actual antitumor 
effect in vivo. M-deficient virus activated by matrix 

metalloprotease (MMP) , which shows enhanced activity in cancer, was 

35 administered to mice transplanted with cancer cells, and the virus 
was confirmed to spread throughout the cancer tissues via cell 
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fusogenic infection. In cancers to which wild-type virus was 
administered, the virus was limited to the injected site even after 
several days. In contrast, the vector of this invention showed high 
permeability towards cancer tissues, and the vector spread throughout 
5 the entire cancer. The suppressive effect of the present vectors 
against proliferation of cancer was apparent when compared to the 
controls without virus administration or administration of the 
wild-type virus. Vectors targeting MMP-expressing cells have also 
been produced to date using retroviruses (Peng, K.-W. et al. , Human 

10 Gene Therapy 8, 729-738, 1997; Peng, K.-W. et al., Gene Therapy 6, 
1552-1557, 1999; Martin, F. etal., J. Virol. 73, 6923-6929, 1999). 
However, they utilize a completely different design for the 
recognition sequence from that of the present invention. Furthermore, 
the objectives of these reports are specific infection of cancer 

15 tissues - that is, only targeting. Thus, vectors that specifically 
( intracellularly ) spread infection through cancer tissues are 
provided for the first time by this invention. 

Furthermore, the present inventors succeeded in preparing viral 
particles with uncleaved F protein on the viral surface (F-uncleaved 

20 virus) by controlling the addition of protease during viral particle 
production. As is, these viruses do not have infectivity; however, 
they display specific infectivity upon treatment with a protease that 
cleaves the F protein on the viral surface, or upon addition of the 
viruses to cells in the presence of such protease. Such inducibly 

25 infectious viral vectors enable infection of vectors specifically 
into cancer cells producing a particular protease. 

Moreover, the present inventors successfully employed the 
wild-type F protein in the preparation-- of a vector comprising a 
modified F gene to develop a method for producing viral particles 

30 utilizing a protease that cleaves the wild-type F protein during 
vector preparation. According to this method, virus amplification 
can be performed using helper cells expressing the wild-type F protein 
and an enzyme, such as trypsin, that cleaves the wild-type F protein. 
The obtained viral particles comprise the cleaved wild-type F protein 

35 in their envelope and have infectivity. However, due to the modified 
F gene, wherein the cleavage site of the F protein is modified encoded 
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by the viral genome, the infection spreads only in the presence of 
a particular protease. This method of preparing viruses using the 
wild-type F protein is advantageous since it allows production of 
viral particles without depending on the modified F gene to be 
integrated into the vector genome. 

As described above, the present invention provides vectors 
whose infection spreads only in the presence of a protease expressed 
in a specific tissue, such as a cancer tissue. The vectors of this 
invention do not produce significant quantities of viral particles 
but instead transfer vectors to surrounding cells by cell fusion. 
The vectors of this invention that acquire infectivity by proteases 
whose activity is particularly enhanced in cancers have strong 
suppressive effects toward tumor growth. Thus, gene therapy of 
cancers using these vectors is considered to be extremely effective. 

Therefore, the present invention relates to cell fusion vectors 
whose protease-dependent tropism has been modified, and methods for 
producing the same, and such. Specifically, the present invention 
relates to: 

[1] a complex comprising a genomic RNA of paramyxovirus wherein 

(a) a nucleic acid encoding an M protein is mutated or deleted, and 

(b) a modified F protein, whose cleavage site sequence is substituted 
with a sequence that can be cleaved by a protease that does not cleave 
the wild-type F protein, is encoded, the complex further comprising 
the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
the cell transfected with the complex in the presence of the protease; 

[2] the complex of [1], which is a viral particle; 
[3] the complex of [2], further comprising the wild-type F 
protein; 

[4] the complex of any one of [1] to [3], wherein the 
paramyxovirus is Sendai virus; 

[5] the complex of any one of [1] to [4], wherein the protease 
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is a protease whose activity is enhanced in cancer; 

[6] the complex of any one of [1] to [5] , wherein the protease 
is a matrix metalloproteinase or plasminogen activator; 

[7] the complex of any one of [1] to [6], wherein the sequence 
5 cleaved by the protease comprises Pro-Leu-Gly , Pro-Gln-Gly, or 
Val-Gly-Arg; 

[8] the complex of any one of [1] to [7], wherein a cytoplasmic 
domain of the wild-type F protein is partially deleted in the modified 
F protein; 

10 [9] the complex of any one of [1] to [8], wherein the modified 

F protein is fused with an HN protein; 

[10] a method for producing a viral particle which comprises 
a genomic RNA of paramyxovirus wherein (a) a nucleic acid encoding 
an M protein is mutated or deleted, and (b) a modified F protein, 

15 whose cleavage site sequence is substituted with a sequence that can 
be cleaved by a protease that does not cleave the wild-type F protein, 
is encoded; wherein the viral particle: (1) has the ability to 
replicate the genomic RNA in a cell to which the viral particle has 
been introduced; (2) shows a significant decrease in or lack of 

20 production of viral particles in the intrahost environment; and (3) 
has the ability to introduce the genomic RNA into a cell that contacts 
with the cell transfected with the viral particle comprising the 
genomic RNA in the presence of the protease; wherein the method 
comprises the steps of: 

25 (i) amplifying RNP, which comprises the N, P, and L proteins 

of the paramyxovirus and the genomic RNA, in a cell expressing 
wild-type M protein of paramyxovirus; and 

(ii) collecting viral particles released into the cell culture 
supernatant; 

30 [11] a method for producing a viral particle which comprises 

a genomic RNA of paramyxovirus wherein (a) a conditionally mutated 
M protein is encoded, and (b) a modified F protein, whose cleavage 
site sequence is substituted with a sequence that can be cleaved by 
a protease that does not cleave the wild-type F protein, is encoded; 

35 wherein the viral particle: (1) has the ability to replicate the 
genomic RNA in a cell to which the viral particle has been introduced; 
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(2) shows a significant decrease in or lack of production of viral 
particles in the intrahost environment; and (3) has the ability to 
introduce the genomic RNA into a cell that contacts with the cell 
transfected with the viral particle comprising the genomic RNA in 
5 the presence of the protease; wherein the method comprises the steps 
of: 

(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in cells under permissive 
conditions for the mutant M protein; and 
10 (ii) collecting viral particles released into the cell culture 

supernatant ; 

[12] the method of [10] or [11], wherein step (i) is performed 
at 35°C or below; 

[13] the method of [10] or [11], further comprising the step 
15 of presenting the protease that cleaves the modified F protein during 
at least either of steps (i) or (ii); or the step of treating the 
viral particle collected in step (ii) with the protease; 

[14] the method of [10] or [11], which further comprises the 
steps of expressing the wild-type F protein of paramyxovirus in the 
20 cell during step (i); and presenting the protease that cleaves the 
wild-type F protein during at least either of steps (i) or (ii) ; or 
the step of treating the viral particle collected in step (ii) with 
the protease; 

[15] a therapeutic composition for cancer comprising the 
25 complex of [5] and a pharmaceutically acceptable carrier; 

[16] a recombinant modified paramyxoviral F protein comprising 
Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 
showing cell fusogenicity in the presence of matrix metalloproteinase 
or plasminogen activator; 
30 [17] a nucleic acid encoding the protein of [16]; 

[18] a viral particle comprising the protein of [16] or a nucleic 
acid encoding the protein; 

[19] a fusion protein having cell fusogenic activity and 
comprising the transmembrane regions of the paramyxoviral F protein 
35 and HN protein, wherein the proteins are bound to each other on the 
cytoplasmic side; 



[20] the fusion protein of [19] , wherein the sequence of the 
cleavage site of the protein is substituted with a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein; 

[21] a nucleic acid encoding the protein of [19]; 

[22] a vector which comprising the nucleic acid of [21]; and 

[23] a viral particle comprising the protein of [19] or a nucleic 
acid encoding the protein. 

In the present invention, the term "paramyxovirus" refers to 
viruses that belong to the family Paramyxoviridae, and to viruses 
derived from them. Paramyxovirus is a virus group characterized by 
a non-segmented negative strand RNA genome, and including the 
subfamily Paramyxovirinae (comprising the genus Paramyxovirus (also 
called the genus Respirovirus , the genus Rubulavirus and the genus 
Morbillivirus) , and the subfamily Pneumovirinae (comprising the genus 
Pneumovirus and the genus Metapneumovirus) . Specifically, 
paramyxoviruses to which the present invention can be applied include 
the Sendai virus, Newcastle disease virus, mumps virus, measles virus, 
RS virus (Respiratory syncytial virus) , rinderpest virus, distemper 
virus, simian parainfluenza virus (SV5) , and human parainfluenza 
virus type 1, 2, and 3, etc. More specifically, for example, the 
Sendai virus (SeV), human parainfluenza virus-1 (HPIV-1), human 
parainfluenza virus-3 (HPIV-3) , phocine distemper virus (PDV) , canine 
distemper virus (CDV) , dolphin molbillivirus (DMV) , 

peste-des-petits-ruminants virus (PDPR) , measles virus (MV) , 
rinderpest virus (RPV) , Hendra virus (Hendra) , Nipah virus (Nipah) , 
human parainfluenza virus-2 (HPIV-2), simian parainfluenza virus 5 

(SV5) , human parainfluenza virus-4a (HPIV-4a) , human parainfluenza 
virus-4b (HPIV-4b) , mumps virus (Mumps) , and Newcastle disease virus 

(NDV) are included. More preferably, examples include viruses 
selected from the group consisting of Sendai virus (SeV) , human 
parainfluenza virus-1 (HPIV-1) , human parainfluenza virus-3 (HPIV-3) , 
phocine distemper virus (PDV) , canine distemper virus (CDV) , dolphin 
molbillivirus (DMV), peste-des-petits-ruminants virus (PDPR), 
measles virus (MV) , rinderpest virus (RPV) , Hendra virus (Hendra) , 
and Nipah virus (Nipah) . The viruses of the present invention 



preferably belong to the subfamily Paramyxovirinae (comprising the 
genus Respirovirus , the genus Rubulavirus and the genus 
Morbillivirus) , and more preferably to the genus Respirovirus (also 
called the genus Paramyxovirus) . Examples of viruses of the genus 
Respirovirus to which the present invention can be applied include 
human parainfluenza virus type 1 (HPIV-1) , human parainfluenza virus 
type 3 (HPIV-3) , bovine parainfluenza virus type 3 (BP1V-3) , Sendai 
virus (also called murine parainfluenza virus type 1) , simian 
parainfluenza virus type 10 (SPIV-10) , etc. The paramyxovirus of the 
present invention is most preferably the Sendai virus. These viruses 
may be derived from natural strains, wild- type strains, mutant strains, 
laboratory-passaged strains, artificially constructed strains, etc. 

The phrases "recombinant protein" and "recombinant virus" refer 
to proteins and viruses produced via recombinant polynucleotides, 
respectively. The phrase "recombinant polynucleotide" refers to a 
polynucleotide that is not bonded as in nature. Specifically, 
recombinant polynucleotides comprise polynucleotides whose 
polynucleotide strand has been recombined artificially, and synthetic 
polynucleotides. Recombinant polynucleotides can be produced using 
conventional gene recombination methods by combining the processes 
of polynucleotide synthesis, nuclease treatment, ligase treatment, 
and such. Recombinant proteins can be produced by expressing 
recombinant polynucleotides encoding the proteins. Recombinant 
viruses can be produced by the steps of: expressing a polynucleotide 
encoding the viral genome, which is constructed by genetic 
engineering; and then reconstituting the virus. 

The term "gene" used herein refers to a genetic substance, which 
includes nucleic acids such as RNA, DNA, etc. In the present invention, 
a nucleic acid encoding a protein is called a protein gene. However, 
a gene need not necessarily encode a protein; for example, it may 
encode a functional RNA such as a ribozyme, antisense RNA, etc. A 
gene may have a naturally derived or artificially designed sequence. 
Herein, the term "DNA" encompasses both single-stranded DNA and 
double-stranded DNA. The phrase "encoding a protein" indicates that 
a polynucleotide comprises an antisense or sense ORF, which encodes 
a protein amino acid sequence, such that the polynucleotide can be 



expressed under suitable conditions. 

The present invention provides cell fusion vectors having 
replicative ability whose protease-dependent tropism has been 
modified. In an intrahost environment, such vectors do not release 
significant quantities of virus-like particles after transfection 
into cells, and infiltrate into surrounding cells only in the presence 
of a certain protease. Specifically, the vectors of the present 
invention include : 

a complex which comprises a genomic RNA of paramyxovirus wherein 
(a) a nucleic acid encoding an M protein is mutated or deleted, and 
wherein (b) a modified F protein, whose cleavage site sequence is 
substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild-type F protein, is encoded, and which 
comprises the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
with the cell transf ected. with the complex only in the presence of 
the protease. Since such a complex has the function of replicating 
the genomic RNA and transferring it to neighboring cells, it is also 
called a vector in the present invention. The term "vector" refers 
to carriers that transfer nucleic acids into cells. 

More specifically, the above complex comprises the genomic RNA 
of paramyxovirus and viral proteins that bind to this RNA. The 
complexes of the present invention can consist of, for example, the 
genomic RNA of paramyxoviruses, and the viral proteins, i.e., the 
ribonucleoprotein (RNP) . RNPs can be introduced into target cells, 
for example, in combination with a desired transfection reagent. 
Such RNPs are, more specifically, complexes comprising the genomic 
RNAs of paramyxoviruses, N proteins, P proteins, and L proteins . When 
RNPs are introduced into cells, the viral proteins work to transcribe 
cistrons encoding viral proteins from the genomic RNA; in addition, 
the genome itself is replicated and daughter RNPs are produced. 
Replication of the genomic RNA can be confirmed by detecting an 



increase in RNA copy number using RT-PCR, Northern hybridization, 
or such. 

More preferably, the above-described complex is a virus 

particle of a paramyxovirus. The phrase "virus particle" refers to 

a nucleic-acid-containing minute particle that is released from a 
cell by the action of viral proteins. Virus particles can take various 
forms, e.g., that of spheres or rods, depending on the viral species. 
They are significantly smaller than cells, generally in the range 
of about 10 nm to about 800 nm. Paramyxovirus viral particles are 
structured such that the above-mentioned RNP comprises the genomic 
RNA and viral proteins, and is enclosed by a lipid membrane (or 
envelope) derived from the cell membrane. The viral particles may 
or may not show infectivity {infra) . For example, some viral 
particles do not show infectivity as they are, but acquire infectivity 
upon specific treatment. 

The phrase "genomic RNA of paramyxovirus" refers to RNA that 
has the ability to form RNP with proteins of paramyxovirus and express 
genes from the genome using these proteins to replicate the nucleic 
acids and form daughter RNPs. The paramyxovirus has as its genome 
a negative single-stranded RNA, a kind of RNA that encodes genes in 
the antisense mode. In general, paramyxovirus genomes comprise viral 
genes in antisense series between the 3' -leader region and the 
5 '-trailer region. Between the open reading frames (ORFs) for each 
gene, a series of sequences is present: a transcription termination 
sequence (E sequence), an intervening sequence (I sequence), and a 
transcription initiation sequence (S sequence). Thus, the RNA 
encoding each gene's ORF is transcribed as a separate cistron. 
Genomic RNAs included in the vectors of this invention encode (in 
antisense mode) nucleocapsid (N) , phosphor (P) , and large (L) proteins. 
These proteins are necessary for the expression of genes encoded by 
the RNAs, and for autonomous replication of the RNA themselves. 
Furthermore, the RNAs encode the fusion (F) protein, which induces 
cell membrane fusion necessary for spreading the RNA to neighboring 
cells, in an antisense orientation. Preferably, the genomic RNAs 
further encode the hemagglutinin-neuraminidase (HN or H) protein in 
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an antisense orientation. However, in certain cells, the HN protein 
is not necessary for infection (Markwell, M.A. et al . , Proc. Natl. 
Acad. Sci. USA 82(4), 978-982, 1985) and infection is accomplished 
with the F protein alone. Furthermore, vectors can be infected to 
5 cells by using proteins other than HN that binds to cells, combined 
with the F protein. Therefore, the vectors of this invention can be 
constructed using genomic RNAs that do not encode the HN gene. 

Genes of viruses belonging to the subfamily Paramyxovirinae are 
represented in general as below: The N gene is also generally 
10 described as the XV NP". 



Genus 


Re spiro virus 


NP 


P/C/V 


M 


F 


HN 




L 


Genus 


Rubulavirus 


NP 


P/V 


M 


F 


HN 


(SH) 


L 


Genus 


Morbi Hi virus 


NP 


P/C/V 


M 


F 


H 




L 



For example, database accession numbers for nucleotide 
sequences of Sendai virus genes classified as Respiroviruses within 

15 the Paramyxoviridae family are: M29343, M30202, M30203, M30204, 
M51331, M55565," M69046 and X17218 for the NP gene; M30202, M30203, 
M30204, M55565, M69046, X00583, X17007- and X17008 for the P gene; 
D11446, K02742, M30202, M30203, M30204, M69046, U31956, X00584 and 
X53056 for the M gene; D00152, D11446, D17334, D17335, M30202, M30203, 

20 M30204, M69046, X00152 and X02131 for the F gene; D26475, M12397, 
M30202, M30203, M30204, M69046, X00586, X02808 and X56131 for the 
HN gene; and DO 0 0 53, M3 02 02, M30203, M302 04, M6904 0, X0058 7 and X588 8 6 
for the L gene. Accession numbers for virus genes encoded by 
additional viruses are exemplified below: AF014953 (CDV) , X75961 

25 (DMV), D01070 (HPIV-1), M55320 (HPIV-2), D10025 (HPIV-3), X85128 
(Mapuera) , D86172 (Mumps), K01711 (MV) , AF064091 (NDV) , X74443 (PDPR), 
X75717 (PDV), X68311 (RPV) , X00087 (SeV), M81442 (SV5) , andAF079780 
(Tupaia) for N gene; X51869 (CDV), Z47758 (DMV) , M74081 (HPIV-1), 
X04721 (HPIV-3), M55975 (HPIV-4a), M55976 (HPIV-4b) , D86173 (Mumps), 

30 M89920 (MV) , M20302 (NDV), X75960 (PDV), X68311 (RPV), M30202 (SeV), 
AF052755 (SV5), and AF079780 (Tupaia) for P gene; AF014953 (CDV), 
Z47758 (DMV), M74081 (HPIV-1), D00047 (HPIV-3), AB016162 (MV) , X68311 
(RPV) , AB005796 (SeV), andAF079780 (Tupaia) for C gene; M12669 (CDV), 
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Z30087 ( DM V ) , S38067 (HPIV-1) , M62734 (HPIV-2), D00130 (HPIV-3), 
D10241 (HPIV-4a) , D10242 (HPIV-4b) , D86171 (Mumps), AB012948 (MV) , 
AF089819 (NDV), Z47977 (PDPR), X75717 (PDV), M34018 (RPV) , U31956 
(SeV), and M32248 (SV5) for M gene; M21849 (CDV) , AJ224704 (DMV) , 
5 M22347 (HPN-1), M60182 (HPIV-2), X05303 (HPIV-3) , D49821 (HPIV-4a) , 
D49822 (HPIV-4b) , D86169 (Mumps), AB003178 (MV) , AF048763 (NDV), 
Z37017 (PDPR), AJ224706 (PDV), M21514 (RPV), D17334 (SeV), and 
AB021962 (SV5) for F gene; AF112189 (CDV), AJ224705 (DMV), U709498 
(HPIV-1), D000865 (HPIV-2), AB012132 (HPIV-3), M34033 (HPIV-4A) , 

10 AB006954 (HPIV-4B) , X99040 (Mumps), K01711 (MV) , AF204872 (NDV), 
Z81358 (PDPR), Z36979 (PDV), AF132934 (RPV), U06433 (SeV), andS76876 
(SV-5) for HN (H or G) gene. More than one strain is known for each 
of the viral species, and genes comprising sequences other than those 
shown above may exist depending on different strains. 

15 The ORFs of these viral proteins are positioned in an antisense 

orientation via the above-described E-I-S sequence on the genomic 
RNA. On the genomic RNA, the ORF closest to the 3' -end requires only 
the S sequence between the 3' -leader region and the ORF, and not the 
E and I sequences. On the other hand, the ORF closest to the 5' -end 

20 on the genomic RNA requires only the E sequence between the 5' -trailer 
region and the ORF, and not the I and S sequences. Two ORFs can be 
transcribed as the same cistron using sequences such as IRES. In such 
cases, the E-I-S sequence is not necessary between these two ORFs. 
In the wild-type paramyxovirus, a typical RNA genome has a 3' -leader 

25 region followed by a sequence of six ORFs encoding the N, P, M, F, 
HN, and L proteins in this order in antisense orientation, followed 
by a 5' -trailer region at the other end. On the genomic RNAs of this 
invention, the configuration of the viral gene is not limited thereto; 
however, it is preferred to localize behind the 3' leader region the 

30 ORFs encoding the N, P, (M, ) F, HN, and L proteins in this order followed 
by a 5' -trailer region similar to the wild-type virus. In a certain 
type of paramyxovirus, the number of viral genes is not six. However, 
even in such cases, each viral gene can be positioned similarly to 
the wild-type as described above, or they can be appropriately changed. 

35 The ORF of the M protein will be described later. However, according 
to one embodiment of the vectors of this invention, the ORF may be 



excluded or may encode a mutant M protein. Furthermore, in another 
embodiment of the vector of this invention, the cleavage site of the 
F protein encoded by the genome is modified to a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein 

{infra) . The genomic RNA of this invention may also encode one or 
more foreign genes. Any objective gene desired to be expressed in 
a target cell can be used as the foreign gene. The foreign gene is 
preferably inserted at sites in the noncoding region of the genome. 
For example, it may be inserted between the 3' -leader region and viral 
protein ORF closest to the 3' -end, between each of the viral protein 
ORFs, and/or between the viral protein ORF closest to the 5' -end and 
the 5' -trailer region. In an M gene-deficient genome, insertion can 
be made in the deficient region. When transferring a foreign gene 
to a paramyxovirus, preferably, the polynucleotide of the insertion 
fragment placed into the genome has a chain length that is a multiple 
of 6 (Journal of Virology 67 (8) , 4822-4830, 1993) . The E-I-S sequence 
is placed between the inserted foreign gene and the viral ORF. 
Alternatively, the foreign gene may be inserted via IRES. 

The expression level of the foreign gene can be adjusted by the 
type of transcription initiation sequence added upstream of the gene 

(the 3' -side of the negative strand) (WO 01/18223) . Furthermore, the 
expression level can be regulated depending on the insertion position 
of the foreign gene in the genome. The closer the foreign gene is 
to the 3' -end of the negative strand, the higher the expression level 
of the foreign gene will be; similarly, the closer the foreign gene 
is to the 5' -end, the lower the expression level becomes. Therefore, 
the insertion site of the foreign gene can be adjusted appropriately 
to obtain a desired expression level of the foreign gene and an 
optimized combination with the upstream and downstream genes encoding 
viral proteins. Generally, high expression levels are considered 
advantageous for foreign genes. Therefore, the foreign gene is 
preferably linked to a highly efficient transcription initiation 
sequence, and inserted near the 3' -end of the negative strand genome. 
More specifically, it is preferably inserted between the 3' -leader 
region and the viral protein ORF closest to the 3' -end. Alternatively, 
the foreign gene may be inserted between the viral gene ORF closest 
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to the 3' -end and the ORF of the secondly closest gene. Conversely, 
when high expression level of the transferred gene is not preferred, 
the expression level from the viral vector can be reduced by, for 
example, designing the insertion position of the gene in the vector 
to be as close as possible to the 5' -side of the negative strand genome, 
or using a transcription initiation sequence with a low efficiency, 
for an appropriate effect to arise . 

Any viral genes included in the vector of this invention may 
be modified from wild-type genes in order to, for example, reduce 
the immunogenicity of the viral proteins, or to enhance RNA 
transcription and replication efficiency. Specifically, in 
paramyxoviral vectors, for example, transcription or replication 
functions can be enhanced by modifying at least one of the replication 
factors: N, P, and L genes. The structural protein HN comprises both 
hemagglutinin and neuraminidase activities. If, for example, the 
activity of the former can be reduced, the stability of the virus 
in blood can be enhanced. On the other hand, if, for example, the 
activity of the latter can be modified, infectivity can be regulated. 
In addition, membrane fusion and/or particle formation ability can 
be regulated by modifying the F protein and its domains, apart from 
the cleavage site. For example, by using analysis of the 
antigen-presenting epitopes and such of possible cell surface 
antigenic molecules, such as the F and HN proteins, a viral vector 
with weakened antigen-presenting ability against these proteins can 
be created. 

Vectors with deficient accessory genes can be used as the 
vectors of the present invention. For example, by knocking out the 
V gene, an SeV accessory gene, SeV pathogenicity to hosts such as 
mice can be markedly decreased without damaging gene expression and 
replication in cultured cells (Kato, A. etal., J. Virol. 71, 7266-7272, 
1997; Kato, A. et al. EMBO J. 16, 578-587, 1997,; Curran, J. et al., 
WO 01/04272, EP 1067179) . Such attenuated vectors are preferred as 
viral vectors for in vivo or ex vivo nontoxic gene transfer. 

In a preferred embodiment, the complexes of the present 
invention are substantially homogeneous. The phrase "substantially 
homogeneous" complex refers to complexes that are isolated from a 



paramyxoviral RNP or viral particle which is not a complex of this 
invention. That is, the substantially homogeneous complexes of this 
invention do not comprise other paramyxovirus RNP or viral particles 
that possess particle-forming ability. Herein, the phrase 
"particle-forming ability" refers to the ability of a vector to 
release infectious and/or noninfectious viral particles (called 
virus-like particles) in cells infected with the viral vector, a 
process referred to as "secondary release". Furthermore, the 
complexes of this invention with modified cleavage site of the F 
protein do not comprise viral RNPs comprising genes that encode the 
wild-type F protein or an F protein having a similar fusion activity 
thereto in the genome, nor viral particles comprising this genome. 

According to an embodiment of this invention, the cleavage site 
sequence of the F protein encoded by the above-mentioned genomic RNA 
is substituted by a sequence that is cleaved by another protease. 
The F protein of paramyxovirus (FO) itself does not show cell membrane 
fusion activity in its original form. However, upon cleavage of the 
extracellular domain of the FO fragment (or the outer domain of the 
viral particle) , it exhibits its fusion activity. The two F protein 
fragments, N-terminal side and C-terminal side fragments, resulting 
from the cleavage are called Fl and F2, respectively, and are bonded 
together via a disulfide bond. Cleaving the F protein involves 
cleaving the F protein on the membrane at a domain outside the membrane, 
thereby resulting in the generation of fragments with cell 
f usogenicity . The phrase "cleavage site sequence" refers to an amino 
acid sequence required for the cleavage by a protease or essential 
residues therein. The cleavage sites of the paramyxovirus F protein 
are known in the art, and may be cleaved by trypsin-like intracellular 
proteases, such as furin. 

Furins generally exist in the Golgi body of most cells. The 
recognition motif of furin is Arg-X-Lys/Arg-Arg (RXK/RR) (separation 
of two amino acids by means either one of the amino acids) . Highly 
pathogenic Human PIV3 (RTKR) , SV5 (RRRR) , Mumps virus (RHKR) , NDV 
(virulent strain) highly virulent strain (RQR/KR) , Measles virus 
(RHKR) , RS virus (RKRR) , and such comprise the sequences of these 
motifs at their cleavage sites. The F protein of highly virulent 
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strains is sensitive to proteases present in all cells, and viruses 
of this strain undergo multi-step proliferation upon cleavage of the 
Fprotein in all organs. Thus, the infection of these viruses is fatal. 
On the other hand, Sendai virus (PQSR) , Human PIV1 (PQSR), and NDV 
(avirulent strain) weakly virulent strain (K/RQG/SR) with low 
virulence do not comprise this motif, but only Arg, which is the serine 
protease recognition sequence. The sequences of the F protein 
cleavage sites of paramyxovirus are well analyzed, and those skilled 
in the art can recognize them by appropriately referring to the 
literature (see, for example, M Uirusu-gaku (Virology)", Hatanaka, 
M . ed., Tokyo, Asakura Shoten, 247-248, 1997). 

Furthermore, a cleavage site can be confirmed by identifying 
the cleavage site of an F protein of a virus grown in cells, tissues, 
individuals, or such where the paramyxovirus can proliferate, or the 
F protein collected by expressing them in these cells, individuals, 
or such. Alternatively, the F protein can be cleaved artificially 
and identified by treating the F protein expressed on the cell surface 
with a protease such as trypsin, which cleaves the cleavage site of 
the protein. According to an embodiment of this invention, the F 
protein comprises modified F protein cleavage site that may be cleaved 
by another protease. To accomplish this, the native cleavage 
sequence of the F protein is modified by replacing, deleting, and/or 
inserting one or more amino acids to reconstitute a sequence that 
is cleaved by another protease. Modification of the amino acid 
sequence can be performed by conventional site-directed mutagenesis 

9 

methods. In addition, the modified F protein may maintain the 
property of being cleaved by proteases (such as trypsin) which cleave 
the wild-type F protein (see Examples) . Vectors encoding such 
modified F proteins show enhanced protease-dependent tropism as 
compared to the wild-type F protein. 

Sequences cleaved by another protease may be those cleaved by 
a preferable proteases. For example, sequences that are cleaved by 
a protease selectively expressed in tissues or cells which serve as 
the preferred target for vector introduction may be used (WO 01/20989) . 
By designing a vector using an F protein gene comprising a sequence 
cleaved by a protease that is active in the target tissues as described 



above, the excellent property for proliferating and transferring the 
vector specifically to surrounding cells under conditions where this 
protease activity exists can be realized. For example, by employing 
a cleavage sequence of a protease specifically expressed or activated 
in particular tissues, vectors that specifically infiltrate only 
within those tissues may be constructed. Furthermore, by utilizing 
the cleavage sequence of a protease that is specifically expressed 
or activated under certain conditions, such as a disease, vectors 
that specifically infiltrate under such conditions (for example, only 
within the lesion of a specific disease) can be constructed. Both 
intracellular and extracellular proteases may be utilized. For 
example, proteases secreted to the cell exterior, and membrane 
proteases expressed on the membrane surface are preferred. 
Alternatively, the selected protease may be any desired protease that 
exists within the transport pathway of the F protein, starting from 
intracellular translation to secretion on the cell surface. 

A large number of disorders are caused by aberrant expression 
of protease genes, including, for example, disorders belonging to 
all categories of general pathology, such as metabolic disorders, 
circulatory disorders, inflammation and immunologic disorders, 
infections, and malignant tumors. Specific examples include calpain 
in muscular dystrophy, destruction of the ubiquitin-proteasome system 
in autoimmune diseases and neural disorders, decreased expression 
of neprilysin in Alzheimer' s disease, enhanced expression of MMP in 
infiltration and metastasis of cancer, pathogen-derived protease from 
pathogenic microorganisms, serine protease in hemostatic mechanism, 
and aminopeptidase in the placenta. 

Calpain, a calcium-dependent cysteine protease, has been 
studied as an enzyme involved in muscle proteolysis of muscular 
dystrophy. Calpain undergoes a specific activation mechanism in 
which activation occurs due to binding with calcium, and is considered 
to trigger muscle proteolysis by limited intracellular degradation 
of proteins important for structural maintenance of skeletal muscles, 
such as a-actinin, troponin, and connectin. Regarding the cleavage 
sequence for calpain (Karlsson, J.O. et al. , Cell Biol. Int. 24, 
235-243, 2000) , Leu-Leu-Val-Tyr and such are used as the degradation 



substrate . 

The ubiquitin-proteasome system is a selective and active 
intracellular proteolysis mechanism, and an important cell function 
regulatory system for signal transduction, cell cycle, and such. 
Ubiquitin consists of 76 amino acids, and is covalently bonded to 
a protein by continuous catalytic action via the ubiquitin activating 
enzyme (El), ubiquitin binding enzyme (E2), and ubiquitin ligase (E3). 
The ubiquitinated protein is degraded by the 26S proteasome. Several 
hundred types of E3 enzymes are known to exist and are categorized 
roughly into HECT type and RING finger type. Abnormal activities of 
these enzymes have been implicated in a large number of diseases. 
For example, Leu-Leu-Val-Tyr is used as M:he degradation substrate 
of the 26S proteasome (Reinheckel , T. et al . , Arch. Biochem. Biophys. 
377, 65-68, 2000) . 

Articular disorders, such as chronic rheumatoid arthritis, 
cause dyskinesia by the destruction of articular cartilage tissues. 
The regeneration ability of articular cartilage is extremely low, 
and destruction of the cartilage conformation by extracellular matrix 
degradation leads to progressive articular destruction. The 
relationship between MMP and "a disintegrin and metalloproteinase" 
(ADAM) molecule of related gene family is of interest in such 
destruction of the extracellular matrix of the cartilage. In 
particular, ADAMTS (ADAM with thrombospondin motif) molecule is 
considered to be an enzyme necessary for degrading cartilage 
proteoglycan (aggrecan) (Tortorella, M.D. et al., Science 284, 
1664-1666, 1999) . The sequence leading to aggrecan degradation by 
ADAMTS has been identified (Tortorella, M.D. et al., J. Biol. Chem. 
275, 18566-18573, 2000) . 

Using the recognition sequences of these proteases, vectors 
specific to tissues that express these proteases can be prepared. 

Particularly preferred protease cleavage sequences of this 
invention include those of proteases whose activity is enhanced in 
cancer. By constructing vectors using such sequences, vectors that 
specifically infect cancer tissues can be constructed. Such vectors 
are extremely useful as gene transfer vectors for cancer therapy. 
Proteases with "enhanced activity" in cancer are those that show 



enhanced activity in certain cancer tissues or cancer cells as 
compared to the activity in the corresponding normal tissues or normal 
cells. Herein, the phrase "enhanced activity" includes enhancement 
of the protease expression level and/or activity itself. The 
protease expression level can be measured by, for example, Northern 
hybridization using gene fragments of the protease as the probe, 
RT-PCR using a primer that specifically amplifies the protease gene, 
or Western blotting, ELISA, and immunoprecipitat ion using antibodies 
against the protease. The activity of the protease can be determined 
by degradation assay using substrates of the protease. Many in vivo 
proteases whose activity is regulated by various inhibitory factors 
are known in the art. The activity level of proteases can also be 
determined by measuring the expression level of these inhibitory 
factors . 

For example, the extracellular matrix (ECM) degradation enzyme 
activity is particularly enhanced in metastatic cancer (Nakajima, 
M . and Chop, A.M., Semin. Cancer Biol. 2, 115-127, 1991; Duffy, M.J., 
Clin. Exp. Metastasis 10, 145-155, 1992; Nakajima, M. "Extracellular 
matrix degradation enzyme (Japanese) Seiki, M. ed., "Malignant 
transformation and metastasis of cancer", Chugai Igaku, 124-136, 
1993) . In animals, matrices comprising proteins such as collagen and 
proteoglycan are formed in the space between cells. Specifically 
known components of the extracellular matrix include collagen, 
fibronectin, laminin, tenascin, elastin, proteoglycan, and such. 
These ECMs have the function of regulating adhesion, development, 
transfer, and such of cells, as well as regulating the distribution 
and activity of soluble factors via binding thereto. Infiltration 
of ECM by ECM degradation enzymes is deeply involved in cancer 
metastasis, and many reports have demonstrated that inhibitors of 
ECM degradation enzymes can inhibit metastasis or infiltration to 
the basal membrane. Vectors that specifically infect and infiltrate 
cancer tissues can be constructed by encoding a modified F protein 
having a recognition sequence for cleavage by ECM degradation enzyme 
at its cleavage site. 

ECM degradation enzymes are categorized into aspartic acid 
proteases, cysteine proteases, serine protease, and metalloproteases , 



depending on the kind of catalytic residues at their active center. 
In particular, for ECM degradation in vivo, serine proteases and 
metalloproteases , which are neutral proteases, play a central role. 
Serine proteases are widely distributed in microorganisms, animals, 
plants, and such. In higher animals, they are involved in many 
biological reactions, including, for example, food digestion, blood 
coagulation, fibrinolysis, immune complement reaction, cell 
proliferation, ontogeny, differentiation, senescence, cancer 
metastasis, and such. Furthermore, the activity of serine protease 
is generally regulated by a serine protease inhibitor (serpin) which 
generally exists within plasma and tissues, and quantitative or 
qualitative abnormalities of the inhibitor are known to cause 
inflammation and such. 

ECM-degrading serine proteases include cathepsin G, elastase, 
plasmin, plasminogen activator, tumor trypsin, chymotrypsin-like 
neutral proteinase, thrombin, etc. Plasmin is produced by limited 
degradation of plasminogen existing in vivo in the inactive form. 
This limited degradation is regulated by plasminogen activator (PA) 
and its inhibitor, plasminogen activator inhibitor (PAI). PAs 
comprise tissue PA (tPA) , which is involved in blood coagulation, 
and urokinase PA (uPA) , which is related to ECM degradation (Blasi, 
F. and Verde, P., Semin. Cancer Bio. 1, 117-126, 1990). The function 
of these two PAs are inhibited through the binding of PAI (Cajot, 
J.F. et al., Proc. Natl. Acad. Sci. USA 87, 6939-6943, 1990; Baker, 
M.S. et al . , Cancer Res . 50, 4 676-4684 , 1990) . uPA can function while 
being bound to a uPA receptor (uPAR) on the cell surface. Plasmin 
degrades fibronectin, tenascin, laminin, and such, but fails to 
directly degrade collagen. However, .it indirectly degrades collagen 
by activating the collagen degradation enzyme via cleavage of a 
portion of the precursor of the enzyme. These often show enhanced 
activity in cancer cells, and correlate well with metastatic ability 
(Tanaka, N. et al., Int. J. Cancer 48, 481-484, 1991; Boyd, D. et 
al., Cancer Res. 48, 3112-3116, 1988; Hollas, W. et al., Cancer Res. 
51, 3690-3695, 1991; Correc, P. et al., Int. J. Cancer 50, 767-771, 
1992; Ohkoshi, M. et al., J. Natl. Cancer Inst. 71, 1053-1057, 1983; 
Sakaki, Y. et al., New Horizon for Medicine (Japanese) 17, 1815-1821, 
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1985) . 

Many studies have been carried out on the cleavage sequences 
of uPA and tPA (Rijken, D.C. et al., J. Biol. Chem. 257, 2920-2925, 
1982; Wallen, P. et al., Biochim. Biophys. Acta 719, 318-328, 1982; 
5 Tate, K.M. etal., Biochemistry 26, 338-343, 1987). The commonly used 
substrate sequences include VGR ( Dooi j ewaard, G., and KLUFT, C, Adv. 
Exp. Med. Biol. 156, 115-120, 1983) and Substrate S-2288 ( Ile-Pro-Arg) 
(Matsuo, O. etal., Jpn . J. Physiol. 33, 1031-1037, 1983). Butenas 
et al. used 54 kinds of fluorescent substrates to identify sequences 

10 highly specif ic to tPA (Butenas, S. etal., Biochemistry 36, 2123-2131, 
1997) , and demonstrated that two sequences, FPR and VPR, show high 
degradation activity against tPA. Therefore, these sequences are 
particularly preferred in the present invention. 

Other ECM degradation enzymes are categorized as cysteine 

15 protease or aspartic protease. They are also involved in the 
metastasis and infiltration of cancer. Specific examples include: 
cathepsin B (Sloane, B.F., Semin. Cancer Biol. 1, 137-152, 1990) using 
laminin, proteoglycan, fibronectin, collagen, procollagenase 
(activated by degradation) , and such as substrates; cathepsin L (Kane, 

20 S.E. and Gottesman, M.M., Semin. Cancer Biol. 1, 127-136, 1990) using 
elastin, proteoglycan, fibronectin, laminin, elastase (activated) , 
and such as substrates; and cathepsin D (Rochefort, H., Semin. Cancer 
Biol. 1, 153-160, 1990) using laminin, fibronectin, proteoglycan, 
and cathepsin B and L (activated) as substrates. Cathepsin B and L 

25 in particular are highly expressed in breast cancer tissues (Spyratos, 
F. et al . , Lancet ii, 1115-1118, 1989; Lah, T. T. etal., Int . J. Cancer 
50, 36-44, 1992), and colon cancer carcinoma (Shuja, S. et al., Int. 
J. Cancer 49, 341-346, 1991) . The disruption of balance between them 
and their inhibitory factors has been suggested to be involved in 

30 malignant transformation of cancer (Sloane, B.F., Semin. Cancer Biol. 
1, 137-152, 1990; Kane, S.E. and Gottesman, M.M., Semin. Cancer Biol. 
1, 127-136, 1990) . 

Metalloproteinase is a metalloenzyme comprising a metallic 
element such as Zn at its active center. Reported metalloproteinases 

35 include caspase, amino peptidase, angiotensin I converting enzyme, 
and collagenase. Regarding metalloproteinases that degrade ECM, 16 
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kinds or more of matrix metalloproteinases (MMP) have been reported. 
Representative MMPs include collagenase-1, -2, and -3 (MMP-1, -8, 
and -13) , gelatinase A and B (MMP-2 and -9) , stromelysin 1, 2, and 
3 (MMP-3, -10, and -11), matrilysin (MMP-7), and membrane 
5 metalloproteinases (MT1-MMP and MT2-MMP) . In general, MMP has Zn 2+ 
at its active center, and Ca 2+ is required for its enzyme activity. 
Furthermore, MMP is secreted as a latent enzyme (referred to as latent 
MMP or ProMMP) , is activated outside the cell, and degrades various 
ECMs existing in vivo. Moreover, the activity of MMPs is inhibited 

10 by a common inhibitor, namely, tissue inhibitor of metalloproteinase 
(TIMP) . Other examples of ECM degradative metalloproteinases 
include amino peptidase, such as amino peptidase N/CD13 and 
aminopeptidase B that degrade ECM component proteins. According to 
experiments using inhibitors, all of these proteinases have been 

15 reported to be deeply involved in cancer. 

Among these proteinases, collagenases (e.g., MMP-1, -8, and 
-13) cleave fibrous collagens - type I, II, and III collagen molecules 
- at specific sites. Two types of gelatinase, gelatinase A (MMP-2) 
and gelatinase B (MMP-9) , are known. Gelatinase is also called type 

20 IV collagenase, and degrades type V collagen and elastin in addition 
to type IV collagen, the major component of basal membranes. 
Furthermore, MMP-2 is known to cleave type I collagen at the same 
site as MMP-1. MMP-9 does not degrade laminin and fibronectin; 
however, MMP-2 degrades them. Stromelysins (MMP-3 and -10) accept 

25 and degrade a broad range of substrates and degrade proteoglycan; 
type III, IV, and IX collagen; laminin; and fibronectin. Matrilysin 
(MMP-7) is a molecule that lacks the hemopexin domain, has a substrate 
specificity identical to that of MMP-3, and particularly high 
degradation activity for proteoglycan and elastin. Membrane-type 

30 metalloproteinases (MT-MMPs) (MT1-MMP, MT2-MMP, MT3-MMP, MT4-MMP, 
MT5-MMP, and MT6-MMP) comprise a transmembrane structure. MT-MMPs 
have an insertion sequence (approximately ten amino acids) between 
the propeptide domain and the active site. This insertion sequence 
comprises Arg-Xaa-Lys-Arg (Xaa is any amino acid) , and, during the 

35 transportation process to the cell membrane, is activated through 
cleavage by furin, an intracellular processing enzyme. Known MT-MPPs 
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include MT1-MMP (MMP-14), MT2-MMP (MMP-15), MT3-MMP (MMP-16) , MT4-MMP 
(MMP-17), MT5-MMP (MMP-23), and MT-6-MMP (MMP-25). For example, 
MT1-MMP degrades type I, II, and III collagens, and MT3-MMP degrades 
type III collagen. 
5 Overexpression of MMP is known to widely occur in cancer cells. 

They are categorized into those caused by the cancer itself and by 
cancer interstitial cells. For example, interstitial collagen 
degrading collagenase (MMP-1) is involved with infiltration of cancer 
cells, and its activity level correlates with metastaticity in colon 

10 cancer and such (Wooley, D.E., Cancer Metastasis Rev. 3, 361-372, 
1984; Tar in, D. et al. , Br. J. Cancer 46, 266-278, 1982) . Furthermore, 
activities of type IV collagenases (MMP-2 and MMP-9) are highly 
correlated with metastatic ability of various epithelial cancers 
(Liotta, L.A. and Stet ler-Stevenson, W.G., Semin. Cancer Biol. 1, 

15 99-106, 1990; Nakajima, M . Experimental Medicine 10, 246-255, 1992) . 
Moreover, stromelysin (MMP-3) is also known to be correlated with 
malignant alteration of dermal epithelial tumor (Matrisian, L.M. and 
Bowden, G.T., Semi. Cancer Biol. 1, 107-115, 1990). Stromelysin-3 
(MMP-11) has been observed to be highly expressed in breast cancer 

20 and colon cancer (Basset, T. etal., Nature 348, 699-704, 1990; Porte, 
H. et al., Clin. Exp. Metastasis 10 (Suppl. 1), 114, 1992). 

Many cleavage substrates for MMP are known. Examples of 
substrate sequences that are degraded by all MMPs include PLGLWAR 
(Bickett, D.M. et al., Anal. Biochem. 212, 58-64, 1993), GPLGMRGL 

25 (Deng, S.J. et al., J. Biol. Chem. 275, 31422-31427, 2000), PQGLEAK 
(Beekman, B. et al., FEBS Lett. 390, 221-225, 1996), RPKPVEWREAK 
(Beekman, B. et al., FEBS Lett. 418, 305-309, 1997), and PLALWAR 
(Jacobsen, E.J. et al., J. Med. Chem. 42, 1525-1536, 1999). Cleavage 
substrates of MMP-2 and -9 include PLGMWS (Net zel-Arnett , S. et al., 

30 Anal. Biochem. 195, 86-92, 1991) and PLGLG (Weingarten, H. et al . , 
Biochemistry 24, 6730-6734, 1985) . 

Recently, phage-displayed peptide library screening has 
elucidated the degradation substrate sequences for MMP-9 (Kridel, 
S.J. et al., J. Biol. Chem. 276, 20572-20578, 2001), MMP-2 (Chen, 

35 E.I. etal., J. Biol. Chem. 277, 4485-4491, 2002), and MT1-MMP (Kridel, 
S.J. et al., J. Biol. Chem. In JBC Papers in Press, April 16, 2002, 
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Manuscript M111574200) . In these articles, identified amino acid 
sequences are categorized into four groups depending on the presence 
or absence of degradation ability by three MMPs . Group IV includes 
sequences that are specifically degraded by MT1-MMP, and regarding 
5 sequences lacking Arg, VFSIPL and IKYHS sequences are mentioned as 
substrates that are not degraded by MMP-9 and MMP-2, but are degraded 
by MT-MMP alone. 

For example, the cleavage sequence of MMP-9 is Pro-X-X-Hy 
(wherein, X represents an arbitrary residue; Hy, a hydrophobic 

10 residue), with Pro-X-X-Hy- ( Ser/Thr) being particularly preferred. 
A more specific example includes Pro-Arg- ( Ser/Thr ) -Hy- ( Ser/Thr ) 
(cleavage occurs between X and Hy residues). Examples of- Hy 
(hydrophobic residues) include Leu, Val, Tyr, lie, Phe, Trp, and Met, 
but are not limited thereto. Other cleavage sequences have been also 

15 identified (for example, see Group I, II, IIIA, and IIIB in the 
following literature; Kridel, S.J. et al., J. Biol. Chem. 276, 
20572-20578, 2001), and any desired sequence may be used. The 
above-mentioned Pro-X-X-Hy may be used for MMP-2, and in addition, 
( Ile/Leu) -X-X-Hy , Hy-Ser-X-Leu, and His-X-X-Hy (see, for example, 

20 Group I, II, III, and IV in the following literature; Chen, E.I. et 
al., J. Biol. Chem. 277, 4485-4491, 2002) may also be used. The 
cleavage sequence for the MMP family comprising MMP-7, MMP-1, MMP-2, 
MMP-9, MMP-3, and MT1-MMP (MMP-14) can be appropriately selected, 
for example, by referring to the sequences of natural substrate 

25 proteins or by screening a peptide library (Turk, B.E. et al., Nature 
Biotech. 19, 661-667, 2001; Woessner, J.F. and Nagase, H., Matrix 
metalloproteinases and TIMPs. (Oxford University Press, Oxford, UK, 
2000); Fernandez-Patron, C. et al., Circ. Res. 85, 906-911, 1999; 
Nakamura, H. etal., J. Biol. Chem. 275, 38885-38890, 2000; McQuibban, 

30 G.A. etal., Science 289, 1202-1206, 2000; Sasaki, T. etal., J. Biol. 
Chem. 272, 9237-9243, 1997) . Examples of the eight amino acid 
sequences P4-P3-P2-P1-P1 ' -P2 ' -P3' -P4 ' (cleavage occurs between PI 
and PI' ) of the cleavage site include VPMS-MRGG for MMP-1, RPFS-MIMG 
for MMP-3, VPLS-LTMG for MMP-7, and IPES-LRAG for MT1-MMP, but are 

35 not limited thereto . PLAYWAR (Nezel-Amett , S. etal., Anal. Biochem. 
195, 86, 1991) is an example for MMP-8 . Various synthetic substrates 



of MMP are available, and can be compared to each other (see, for 
example, each of the MMP substrates in the Calbiochem® catalog, 
Merck) . 

Generally, MMP activity in tissues is regulated through the 
process of: latent enzyme production, latent enzyme activation, and 
active enzyme inhibition by inhibitors* MMP activity is involved in 
various physiological phenomena, such as development and ovulation, 
fertilization, implantation to the endometrium, and wound healing. 
Disorder in the regulation of MMP activity contributes to various 
pathologies including, for example, infiltration and metastasis of 
cancer cells, arthritis, gingivitis, arteriosclerosis, tumor, and 
fibrosis. For example, gellatinases (MMP-2 and -9) that degrade the 
basal membrane components are known to be important for metastasis 
of cancer. MMP-2 is activated by cleavage of pro-MMP-2 by MT1-MMP. 
On the other hand, a pathway for the activation of MMP-9 exists wherein 
first plasmin is produced from plasminogen by uPA to activate proMMP-3, 
and then the active MMP-3 activates proMMP-9. This pathway is 
involved in metastasis of cancer. In order to develop the vectors 
of this invention as cancer-targeting vectors, it is particularly 
useful to introduce a sequence cleaved by those proteases involved 
with metastasis of cancer as the cleavage site of the F protein. 
Examples of such proteases include MMP-2, MMP-9, uPA, MMP-3, and 
MT1-MMP, more specifically, MMP-2, MMP-9, and uPA. 

When incorporating a protease cleavage sequence into the F 
protein, the protease cleavage sequence of interest is inserted into 
the cleavage site of the F protein and the originally existing 
trypsin-like protease cleavage site is preferably degenerated. To 
accomplish this purpose, the amino acid sequence around the original 
cleavage site for the trypsin-like protease can be substituted with 
the protease cleavage sequence (recognition sequence) of interest. 
The modified F protein is cleaved by the protease of interest when 
expressed in cells, and maintains the cell membrane fusion activity 
of the F protein. The amino acids close to the N-terminus of the Fl 
fragment produced by cleavage of the F protein are considered to play 
an important role in cell membrane fusion. Therefore, unless 
cleavage is inhibited, the cleavage sequence is preferably designed 
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so that the N-terminal sequence of the Fl fragment after cleavage 
is identical to that of the Fl fragment of the wild-type F protein. 
Furthermore, to insert a linker into the cleavage site to induce 
efficient cleavage reaction, it is preferred that the smallest number 
of amino acids needed is added to the N-terminus of the cleaved Fl 
fragment in comparison to that of the wild-type Fl . For example, five 
amino acids or less, preferably four amino acids or less, or more 
preferably three amino acids or less (for example, one, two, or three 
amino acids) are added to the N-terminus after cleavage in comparison 
to the wild-type Fl . For example, the present invention elucidated 
that the addition of Met-Thr-Ser (SEQIDNO: 1) added to the N-terminus 
of the Fl fragment of the modified F protein did not impair either 
the cleavage reaction by MMP or the cell membrane fusion reaction 
after the cleavage. Therefore, the cleavage sequence is preferably 
designed so that Met-Thr-Ser, or conservative substitution sequences 
thereof or amino acids comprising a partial sequence thereof, is added 
to the N-terminus of Fl after cleavage. The phrase "conservative 
substitut ion" refers to a substitution between amino acids whose amino 
acid side chains have similar chemical characteristics. 
Specifically, Met can be substituted with lie or Val, Thr can be 
substituted with Ser or Ala, and Ser can be substituted with Ala, 
Asn, or Thr. Substitution of amino acids at each position can be 
performed independently . 

More specific examples of the preferred cleavage sequence for 
MMP-2 and -9 include those comprising Pro-Leu/Gln-Gly (SEQ ID NO: 
2). This sequence is a common sequence among synthetic substrates 
(Netzel-Arnett , S. et al., Anal. Biochem. 195, 86-92, 1991) used as 
substrates, and the F protein is designed so that this sequence is 
positioned at the C-terminus of the F2 fragment after cleavage of 
the modified F protein. To accomplish this, the sequence comprising 
the C-terminal amino acids of the F2 fragment after cleavage of the 
wild-type F protein is replaced with a sequence comprising 
Pro-Leu/Gln-Gly. The original sequence corresponding to one or 
several amino acids of the C-terminus of the F2 fragment of the F 
protein is appropriately deleted, and then, Pro-Leu/Gln-Gly is 
inserted (i.e., perform substitution) . The number of amino acids to 
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be deleted may be equal to the number of amino acids to be inserted 
(for example, three amino acids) , or can be selected in the range 
of zero to ten amino acids or such. As long as the steps of cleavage 
by a protease and membrane fusion are not impaired, the F protein 
5 can be prepared so that the N-terminus of Fl is directly linked 
downstream of Pro-Leu/Gln-Gly . However, in the F protein of Sendai 
virus or such, the cleavage sequence and the Fl fragment are preferably 
linked via an appropriate spacer. Particularly preferred examples 
of such spacer-comprising cleavage sequences include those sequences 

10 comprising Pro-Leu/Gln-Gly-Met-Thr-Ser (SEQ ID NO: 3) or 
Pro-Leu/Gln-Gly-Met-Thr (SEQ ID NO: 4) . Met, Thr, and Ser can be 
conservatively substituted with other amino acids. More preferred 
examples of proteins include modified F proteins in which one to ten 
residues, such as one, two, three, four, five, or six residues, 

15 sequentially linked from the C-terminal amino acid in F2 after 
cleavage towards the N-terminus, are replaced with a sequence 
comprising Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr. 
For example, in the case of the Sendai virus F protein, an F protein 
in which the sequence (although it depends on the strain, it is 

20 typically 113 Pro-Gln-Ser-Arg 116 i ) corresponding to the four C-terminal 
amino acids of the F2 fragment in the wild-type F protein (SEQ ID 
NO: 5) is replaced with Pro-Leu/Gln-Gly-Met-Thr-Ser and such. 

Any other desired sequence described in the present invention 
may be used as the cleavage sequence of MMP. In the interest of 

25 substrate specificity of the various MMPs, analyses have been 
performed using peptide libraries (Turk, B.E. etal., Nature Biotech . 
19, 661-667, 2001) . Detailed analyses have been performed for MMP-2 
(Chen, E.I. et al., J. Biol. Chem. 277(6), 4485-4491, 2002) and MMP-9 
(Kridel, S.J. etal., J. Biol. Chem. 276(8), 20572-20578, 2001) of 

30 interest. Regarding MMP-9 in particular , the consensus sequence from 
P3 to P2' (P3-P2-P1-P1' -P2' ; cleavage takes place between Pl-Pl' ) 
is proposed as Pro-X-X-Hy- (Ser/Thr) (X= any residues; Hy= hydrophobic 
residue) . This consensus sequence also matches one of those proposed 
for MMP-2 (Pro-X-X-Hy), and thus, is considered to be a good design 

35 to accomplish specificity for MMP-2 and MMP-9. Therefore, from such 
aspects as well, the sequences shown above 
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(Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr ) have been 
supported as preferable examples. Specifically, the sequence of the 
F protein cleavage site preferably comprises Pro-X-X-Hy-Thr /Ser , and 
more preferably Pro-X-X-Hy-Thr/Ser-Thr /Ser ("Thr/Ser" means either 
5 Thr or Ser) . For example, Pro-Leu-Gly-Leu-Trp-Ala and 

Pro-Gln-Gly-Leu-Tyr-Ala that do not match with Pro-X-X-Hy-Thr /Ser 
are not preferred ( Fig . 44) . By inserting into the F protein cleavage 
site a peptide that matches with the Pro-X-X-Hy-Thr /Ser sequence, 
a vector showing high infiltration ability in the presence of MMP 

10 can be constructed. 

Other examples of preferable cleavage sequences include those 
cleaved by a plasminogen activator. Specific examples of cleavage 
sequences of uPA and tPA include sequences comprising Val-Gly-Arg. 
The F protein is designed so that this sequence is positioned at the 

15 C-terminus of the F2 fragment of the modified F protein after cleavage . 
To accomplish this, the sequence comprising C-terminal amino acids 
of the F2 fragment after cleaving the wild-type F protein can be 
replaced with a sequence comprising Val-Gly-Arg (SEQ ID NO: 6) . More 
preferable examples of preferred proteins include a modified F protein 

20 in which one to ten residues, for example, one, two, three, four, 
five, or six residues, sequentially positioned from the C-terminal 
amino acid of F2 after cleavage towards the N-terminus are replaced 
with Val-Gly-Arg or a sequence comprising this sequence. For 
instance, in the Sendai viral F protein, examples include the F protein 

25 whose sequence corresponding to the three C-terminal amino acids of 
the F2 fragment in the wild-type F protein (typically 114 Gln-Ser-Arg 116 
i (SEQ ID NO: 7), although it depends on the strain) is substituted 
with Val-Gly-Arg. 

To efficiently identify a modified F protein that exerts 

30 fusogenicity in the presence of a specific protease, an assay system 
using a plasmid vector can be utilized (Example 31) . Specifically, 
a plasmid vector expressing the modified F protein is transfected 
to cells, and the resulting cell is cultured in the presence of a 
protease to detect syncytium formation. The modified F protein 

35 encoded by the plasmid that causes syncytium formation is cleaved 
by protease to determine if it shows fusogenicity. For example, to 



assay the F protein that is cleaved by MMP, HT1080 cells that express 
MMP may be used. Alternatively, MMP may be added to the culture system. 
Using the assay system developed in this invention, a modified F 
protein having fusogenicity can be readily obtained. 

A vector encoding a modified F protein can introduce the genomic 
RNA contained in the vector into cells contacting the cells 
transfected with the vector, depending on the presence of a protease 
that cleaves the modified F protein. The action of the cleaved F 
protein causes cell fusion between cells in contact, and the RNP 
spreads to the fused cells. That is, the vector of the present 
invention does not form viral particles; however, it can transfer 
the vector to a localized region due to the infiltration of vectors 
into contacting cells such as described above. The protease may be 
expressed intracellularly or extracellularly , or may be added 
exogenously . 

The modified F proteins provided by the present invention show 
cell fusogenicity depending on a specific protease. By utilizing 
this protein, viral vectors, drugs and gene delivery vectors, such 
as liposomes, that causes cell fusion or specific infection only in 
the presence of the protease can be constructed. For example, by 
equipping the F gene of an adenoviral vector comprising F and HN genes 

(Galanis, E. etal., Hum. Gene Ther. 12, 811-821, 2001) with the gene 
of the modified F protein which is cleaved by a protease specifically 
expressed in cancer cells, vectors that cause cell fusion in the 
presence of the specific protease can be developed. In addition, for 
example, when pseudotyping a retrovirus with F and HN proteins 

(Spiegel, M. et al., J Virol. 72(6), 5296-5302, 1998), a cancer 
cell-targeting vector that specifically infects cancers may be 
developed using the modified F protein during construction process, 
which protein is cleaved by a protease expressed in cancers. As 
described above, in addition to the vectors of this invention, the 
modified F proteins provided by the present invention and nucleic 
acids encoding them may be utilized to develop various vectors that 
depend on proteases. 

Furthermore, the present invention provides paramyxoviral 
vectors comprising a modified F protein in which the cell fusogenicity 



is increased by deletion of the cytoplasmic domain. A portion of the 
amino acids of the cytoplasmic domain is deleted such that 0 to 28, 
preferably 1 to 27, and more preferably 4 to 27 amino acids exist 
in the cytoplasmic domain of this modified F protein. The phrase 
"cytoplasmic domain" refers to the cytoplasmic side of the membrane 
protein, and in the F protein, it corresponds to the C-terminal region 
of the transmembrane (TM) region (see Fig. 42) . For example, the F 
protein comprising 6 to 20, preferably 10 to 16, and more preferably 
13 to 15 amino acids as the cytoplasmic domain shows significantly 
high levels of cell f usogenicity as compared to the wild-type F protein 
Therefore, preparation of a paramyxoviral vector that comprises an 
F protein modified such that its cytoplasmic domain comprises 
approximately 14 amino acids enables the acquisition of vectors having 
higher cell fusogenicity as compared to those obtained with a 
wild-type F protein. Preferably, this deletion F protein lacks 10 
or more, preferably 15 or more, more preferably 20 or more, still 
more preferably 25 or more, and furthermore preferably 28 or more 
of the C-terminal amino acids of the wild-type F protein. According 
to the most preferred aspect, the cytoplasmic domain-deleted F protein 
lacks approximately 28 amino acids from the C-terminus of the 
wild-type F protein. The paramyxoviral vectors which comprise genes 
encoding these cytoplasmic domain-deleted F proteins on the genome 
have higher cell fusogenicity as compared to conventional vectors, 
and thus, more strongly infiltrate into the surrounding cells. 
Modification of the cleavage site of this F protein as described herein 
yields a vector that exhibits a high infiltration ability only in 
the presence of a specific protease. 

The present invention further relates to a fusion protein 
consisting of two kinds of spike proteins carried by the paramyxovirus 
The paramamyxovirus has a protein considered to function in cell 
fusion (called the "F" protein) and a protein considered to function 
in adhesion to cells (called the "HN" or "H" protein) . Herein, the 
former is generally called the F protein, and the latter the HN protein 
These two proteins expressed as a fusion protein exert extremely 
strong fusogenicity as compared to separate expression of the proteins 
In this fusion protein, the proteins are bonded through a portion 



of their cytoplasmic domains. Specifically, the fusion protein 
comprises the F protein at its N-terminus and the HN (or H) protein 
at its C-terminus. When fusing these proteins, the whole proteins 
may be fused to each other, or alternatively, the F protein which 
lacks a portion or the whole cytoplasmic domain may be fused to the 
HN (or H) protein. In the latter case, the number of amino acid 
residues from downstream of the TM region of the F protein to the 
HN (or H) protein is five or more, preferably ten or more, more 
preferably 14 or more, and still more preferably 20 or more. For 
example, when fusing an F protein that lacks the cytoplasmic domain 
to the HN (or H) protein, it is preferable to adjust the length by 
adding a linker peptide of appropriate length to the C-terminus of 
the F protein portion. Specifically, a cytoplasmic domain-deleted 
F protein comprising 14 residues of cytoplasmic domain fused to the 
HN (or H) protein via any linker peptide is preferably used. The 
linker peptide may be, for example, approximately 50 residues. The 
amino acid sequence of the linker peptide is not particularly limited; 
however, it is preferable to adopt a polypeptide which does not have 
significant physiological activity, and suitable examples include 
the polypeptide shown in Fig. 43 (SEQ ID NO: 80) . 

The present invention further relates to nucleic acids encoding 
these fusion proteins, and expression vectors comprising these 
nucleic acids. Cells transfected with these expression vectors show 
strong f usogenicity , and form syncytia through fusion with the 
surrounding cells. Expression vectors are not particularly limited, 
and include, for example, plasmid vectors and viral vectors. In the 
case of a DNA vector, use in combination with a strong promoter such 
as the CAG promoter (a chimeric promoter comprising chicken p-actin 
promoter and CMV enhancer) (Niwa, H. etal., Gene 108, 193-199, 1991) 
is preferred. A viral vector expressing a protein of the present 
invention yields strong fusion in transfected cells. Examples of 
suitable viral vectors include retroviral vectors, lentiviral vectors, 
adenoviral vectors, adeno-associated viral vectors, minus strand RNA 
viral vectors, simple herpes viral vectors, retroviral vectors, 
lentiviral vectors, Semliki forest viral vectors, sindbis viral 
vectors, vaccinia viral vectors, fowlpox viral vectors, and other 
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preferable viral vectors. The paramyxovirus vectors that express the 
present protein (s) exhibit high infiltration ability towards various 
tissues. In particular, the use of an M gene-deleted paramyxoviral 
vector encoding a fusion protein of the present invention with a 
5 modified F protein cleavage site leads to the production of a vector 
that induces strong cell fusion in specific tissues. 

These recombinant viral vectors can be prepared according to 
methods well known to those skilled in the art. For example, an 
adenoviral vector that is most commonly used for gene therapy and 
10 such can be constructed by the method of Saito et al . and other methods 
(Miyake et al . , Proc. Natl. Acad. Sci. USA, 93, 1320-24, 1996; Kanegae 
et al., Acta Paediatr. Jpn . , 38, 182-188, 1996; Kanegae et al., 

"Baiomanyuaru shiriizu 4-Idenshi-donyu to Hatsugen-Kaisekiho 

(Biomanual Series 4: Methods for gene transf ect ion, expression, and 

15 analysis) ", Yodosha, 43-58, 1994; Kanegae et al., Cell Engineering, 
13(8), 757-763, 1994) . In addition, for example, retroviral vectors 
(Wakimoto et al., Protein Nucleic acid and Enzyme (Japanese) 40, 
2508-2513, 1995), adeno-associated viral vectors (Tamaki et al., 
Protein Nucleic acid and Enzyme (Japanese) 40, 2532-2538, 1995) and 

20 such can be prepared by conventional methods. As specific methods 
for producing other viral vectors capable of transferring genes to 
mammals, methods for producing recombinant vaccinia virus are known 
and described in Published Japanese Translation of International 
Publication No. Hei 6-502069, Examined Published Japanese Patent 

25 Application No. (JP-B) Hei 6-95937, and JP-B Hei 6-71429. Known 
methods for producing recombinant papilloma viruses include those 
described in JP-B Hei 6-34727, and Published Japanese Translation 
of International Publication No. Hei 6-505626. Furthermore, known 
methods for producing recombinant adeno-associated viruses and 

30 recombinant adenoviruses include those described in Unexamined 
Published Japanese Patent Application No. (JP-A) Hei 5-308975 And 
Published Japanese Translation of International Publication No. Hei 
6-508039, respectively. 

In the RNA genome, which is comprised in the vector provided 

35 as an aspect of this invention, the gene encoding the matrix (M) 



protein (i.e., the M gene) is mutated or deleted. According to the 
present invention, the cleavage site of the F protein is modified 
to a sequence that is cleaved by another protease, and furthermore, 
the M gene is mutated or deleted to suppress particle forming ability. 
Thereby, a vector with a completely new property that does not release 
viral particles, and infiltrates into only a group of cells expressing 
a particular protease has been successfully developed. The mutation 
of the M gene eliminates or significantly lowers the particle forming 
activity in the intrahost environment. Such mutations in cells that 
express this M protein can be identified by detecting a decrease in 
the cell surface aggregation of this protein (see Examples) . 

According to the present invention, the most effective 
modification for suppressing secondary release of particles, i.e., 
release of VLP, was confirmed to be the deletion of the M protein. 
This fact is also supported by studies reporting on the role of the 
M proteins in virion formation in Sendai virus ( SeV) and other minus ( - ) 
strand RNA viruses. For example, it has been found that strong 
expression of the M protein in vesicular stomatitis virus (VSV) causes 
the budding of VLPs (Justice, P. A. et al., J. Virol. 69, 3156-3160, 
1995) ; likewise, parainfluenza virus VLP formation is also reported 
to occur on mere overexpression of M protein (Coronel, E.C. et al., 
J. Virol. 73, 7035-7038, 1999) . While this kind of VLP formation, 
caused by M protein alone, is not observed in all (-) strand RNA viruses, 
M proteins are recognized to serve as virion formation cores in 
(-) strand RNA viruses (Garoff, H. et al., Microbiol. Mol. Biol. Rev. 
62, 1171-1190, 1998) . 

The specific role of the M protein in virion formation is 
summarized as follows: Virions are formed in so-called lipid rafts 
on the cell membrane (Simons, K. and Ikonen, E., Nature 387, 569-572, 
1997) . These were originally identified as lipid fractions that were 
insoluble with non-ionic detergents, such as Triton X-100 (Brown, 
D. A. and Rose, J.K., Cell 68, 533-544, 1992). Virion formation in 
lipid rafts has been demonstrated for the influenza virus (Ali, A. 
et al., J. Virol. 74, 8709-8719, 2000), measles virus (MeV; Manie, 
S.N. et al., J. Virol. 74, 305-311, 2000), SeV (Ali, A. andNayak, 
D.P., Virology 276, 289-303, 2000), and others. At these lipid raft 
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sites, the M protein enhances virion formation, concentrating 
envelope proteins (also referred to as spike proteins) and 
ribonucleoprotein (RNP) . In other words, the M protein may function 
as a driving force for virus assembly and budding (Cathomen, T. et 
5 al., EMBO J. 17, 3899-3908, 1998; Mebatsion, T. et al., J. Virol. 
73, 242-250, 1999) . In fact, the M protein has been revealed to bind 
to the cytoplasmic tail of influenza virus spike proteins and such 
(Zhang, J. et al., J. Virol. 74, 4634-4644, 2000), SeV (Sanderson, 
CM. et al., J. Virol. 67, 651-663, 1993). It also binds with the 

10 RNP of the influenza virus (Ruigrok, R.W. et al ., Virology 17 3 , 311-316, 
1989), parainfluenza virus, SeV (Coronel, E.C et al., J. Virol. 75, 
1117-1123, 2001), etc. Further, in the case of SeV (Heggeness, M.H. 
et al., Proc. Natl. Acad. Sci. USA 79, 6232-6236, 1982) and vesicular 
stomatitis virus, etc (VSV; Gaudin, Y. et al., Virology 206, 28-37, 

15 1995; Gaudin, Y. et al., J. Mol. Biol. 274, 816-825, 1997), M proteins 
have been reported to form oligomers with themselves. Thus, due to 
the capacity of the M protein to function in association with many 
virus components and lipids, the protein is considered to function, 
as the driving force for virus assembly and budding. 

20 In addition, some reports suggest that envelope protein (spike 

protein) modification may also suppress VLP release. The following 
experimental examples are specific reports in which virion formation 
was actually suppressed: a G protein deficiency in rabies virus (RV) 
resulted in a 1/30 reduction of VLP formation (Mebatsion, T. et al., 

25 Cell 84, 941-951, 1996). When the M protein was deficient , this level 
dropped to 1/500,000 or less (Mebatsion, T. et al., J. Virol. 73, 
242-250, 1999). Further, in the case of the measles virus (MeV) , 
cell-to-cell fusion was enhanced when the M protein was deficient 
(Cathomen, T. et al., EMBO J. 17, 3899-3908, 1998). This is presumed 

30 to result from the suppression of virion formation (Li, Z. et al., 
J. Virol. 72, 3789-3795, 1998). In addition, similar fusion 
enhancement arose with mutations in the cytoplasmic tail of F or H 
protein (the tail on the cytoplasmic side) (Cathomen, T. et al., J. 
Virol. 72, 1224-1234, 1998). Therefore, introducing a mutation which 

35 causes the deletion of only the cytoplasmic tail of the F and/or HN * 
proteins may suppress particle formation. However, since many VLPs 
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have been reported to exist in the F-deficient form (WO 00/70070) 
or the HN-deficient form (Strieker, R. and Roux, L., J. Gen. Virol. 
72, 1703-1707, 1991), particularly in SeV, the effect of modifying 
these spike proteins may be limited. Furthermore, the following has 
5 also been clarified with regards to SeV: When the SeV proteins F and 
HN are on secretory pathways (specifically, when they are located 
in Golgi bodies, etc.), the cytoplasmic tails (of the F and HN 
proteins) bind with the M protein (Sanderson, CM. et al. f J. Virol. 
67, 651-663, 1993; Sanderson, CM. et al. , J. Virol. 68, 69-76, 1994) . 

10 Thus, it is presumed that this binding is important for the efficient 
transfer of the M protein to cell membrane lipid rafts, where virions 
are formed. The M protein was thought to bind to the F and HN proteins 
in the cytoplasm, and as a result to be transferred to the cell membrane 
via F and HN protein secretory pathways. As described above, the M 

15 protein plays an essential role in viral particle formation. The use 
of a modified M protein gene that eliminates M protein aggregation 
on the cell surface enables production of vectors without particle 
forming ability. 

The subcellular localization of the M protein can be determined 

20 by cell fractionation, or by directly detecting M protein localization 
using immunostaining, or such. In immunostaining, for example, M 
protein stained by a f luorescently labeled antibody can be observed 
under a confocal laser microscope. Alternatively, after the cells 
have been lysed, a cell fraction can be prepared using a known cell 

25 fractionation method, and localization can then be determined by 
identifying the M protein-containing fraction using a method such 
as immunoprecipitat ion or Western blotting using an antibody against 
the M protein. Virions are formed in so-called cell membrane lipid 
rafts, lipid fractions that are insoluble with non-ionic detergents 

30 such as Triton X-100. The M protein is believed to participate in 
the aggregation of viral components in the lipid rafts due to its 
ability to bind to spike proteins, RNP, and to M protein itself, and 
further to lipids. Accordingly, the M protein, detected by 
electrophoresis or such with the lipid raft fraction, is presumed 

35 to reflect aggregated M protein. Namely, when the amount of 
detectable M protein is reduced, cell-surface M protein aggregation 
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is determined to be reduced. M protein aggregation on cell membranes 
can be directly observed using the immunocytological staining methods 
used by the present inventors for detecting subcellular localization. 
This utilizes an anti-M antibody available for immunocytological 
staining. On investigation using this method, an intensely condensed 
image is observed near the cell membrane when the M protein is 
aggregated. When the M protein is not aggregated, there is neither 
a detectable condensation pattern nor a clear outline of the cell 
membrane. In addition, only a slight stain is observed in the 
cytoplasm. Thus, when little or no condensation pattern is detected, 
the cell membrane outline is indistinct, and slight staining is 
observed throughout the cytoplasm, cell-surface M protein aggregation 
is judged to be reduced. 

Mutant M proteins having significantly reduced cell-surface 
aggregation activity are judged to have significantly lower particle 
formation ability as compared to that of wild-type M proteins. The 
reduction of particle formation ability in the virus is statistically 
significant (for example, at a significant level of 5% or less). 
Statistical verification can be carried out using, for example, the 
Student t-test or the Mann-Whitney C7-test. Particle formation 
ability of the virus vectors, comprising mutant M gene, in intrahost 
environment is reduced to a level of preferably 1/5 or less, more 
preferably 1/10 or less, more preferably 1/30 or less, more preferably 
1/50 or less, more preferably 1/100 or less, more preferably 1/300 
or less, and more preferably 1/500 or less. Most preferably, the 
vectors of this invention substantially lack viral particle-producing 
ability in the intrahost environment. The phrase "substantially 
lack" means that no viral particle production is detected in the 
intrahost environment. In such cases, there exist 10 3 or less, 
preferably 10 2 or less, and more preferably 10 1 or less per ml of the 
viral particles. 

The presence of viral particles can be directly confirmed by 
observation under an electron microscope, etc. Alternatively, they 
can be detected and quantified using viral nucleic acids or proteins 
as indicators. For example, genomic nucleic acids in the viral 
particles may be detected and quantified using general methods of 



nucleic acid detection such as the polymerase chain reaction (PCR) . 
Alternatively, viral particles comprising a foreign gene can be 
quantified by infecting them into cells and detecting expression of 
that gene. Non-infective viral particles can be quantified by 
detecting gene expression after introducing the particles into cells 
in combination with a transfection reagent. The viral particles of 
the present invention comprise particles without infectivity, such 
as VLP. 

Furthermore, potency of the virus can be determined, for example, 
by measuring Cell-Infected Units (CIU) or hemagglutination activity 
(HA) (WO 00/70070; Kato, A. et al., Genes Cells 1, 569-579, 1996; 
Yonemitsu, Y. and Kaneda, Y., "Hemaggulutinat ing virus of 
Japan-liposome-mediated gene delivery to vascular cells.", Ed. by 
Baker, A. H., Molecular Biology of Vascular Diseases. Methods in 
Molecular Medicine., Humana Press., 295-306, 1999). In the case of 
vectors labeled with marker genes, such as the GFP gene, virus titer 
is quantified by directly counting infected cells using the marker 
as an indicator (e.g., as GFP-CIU) as described in the Examples. 
Titers thus determined can be considered equivalent to CIU (WO 
00/70070) . For example, the loss of viral particle production 
ability can be confirmed by the lack of detectable infectivity titer 
when cells are transfected with a sample which may comprise viral 
particles. Detection of viral particles (VLP and such) without 
infectivity can be performed by transfection using a lipofection 
reagent. Specifically, for example, DOSPER Liposomal Transfection 
Reagent (Roche, Basel, Switzerland; Cat. No. 1811169) can be used. 
One hundred microliters of a solution with or without viral particles 
is mixed with 12.5 jxl DOSPER, and allowed to stand for ten minutes 
at room temperature. The mixture is shaken every 15 minutes and 
transfected to cells confluently cultured on 6-well plates. VLPs can 
be detected by the presence or absence of infected cells from the 
second day after transfection. 

The phrase "intrahost environment" refers to an environment 
within the host wherein the wild-type paramyxovirus, from which the 
vector of interest is derived, normally proliferates in nature, or 
an environment that allows equivalent virus proliferation. The 



intrahost environment may be, for example, the optimum growth 
condition for the virus. When the host of the paramyxovirus is a 
mammal, the intrahost environment refers to the in vivo environment 
of a mammal, or equivalent environment thereof. Namely, the 
temperature is approximately 37 °C to 38°C (for example, 37°C) 
corresponding to that in the body of the mammal. An example of an 
in vitro condition includes a normal cell culture condition, more 
specifically a moist culture environment in a media with or without 
serum (pH 6.5 to 7.5), at 37 °C, under 5% C0 2 . 

Important differences in the activity of a modified M protein 
due to environmental conditions include conditional mutations of the 
M protein, such as temperature sensitive mutations. The phrase 
"conditional mutation" refers to a mutation which shows a mutated 
phenotype of "loss of function" in the intrahost environment, while 
exhibiting functional activity in another environment. For example, 
a gene encoding a temperature-sensitive mutated M protein, whose 
function is mostly or completely lost at 37 °C but is recovered at 
a lower temperature, can be preferably used. The phrase 
"temperature-sensitive mutation" refers to a mutation wherein the 
activity is significantly decreased at high temperature (for example, 
37°C) as compared to that at low temperature (for example, 32°C). 
The present inventors successfully produced a viral particle whose 
particle forming ability is dramatically decreased at 37°C, a 
temperature corresponding to the intrahost environment, using the 
temperature-sensitive mutant of the M protein. This M protein mutant 
aggregates at the cell surface under low temperature conditions (for 
example, 32 °C) to form viral particles; however, at the normal body 
temperature (37 °C) of a host, it loses aggregability and fails to 
form viral particles. A vector comprising nucleic acids encoding 
such a temperature-sensitive M protein mutant on its genome is 
preferred as the vector of this invention. The M protein of such a 
viral vector encodes a conditionally mutated M protein that functions 
under M protein functioning conditions, i.e., permissive conditions, 
to form viral particles. When viral particles produced in this manner 
are infected under normal environment, the M protein cannot function 
and, thus, no particles are formed. 
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The temperature-sensitive M gene mutation is not particularly 
limited, however, and includes, for example, at least one of the amino 
acid sites selected from the group consisting of G69, T116, and A118 
from the Sendai virus M protein, preferably two sites arbitrarily 
5 selected from among these, and more preferably all three sites . Other 
(-) strand RNA virus M proteins comprising homologous mutations can 
also be used as appropriate. Herein, G69 means the 69th amino acid 
glycine in M protein, T116 the 116th amino acid threonine in M protein, 
and A183 the 183rd amino acid alanine in M protein. 
10 The gene encoding the M protein (i.e., the M gene) is widely 

conserved in (-) strand RNA viruses, and is known to interact with 
both the viral nucleocapsid and the envelope proteins (Garoff, H. et 
al. , Microbiol. Mol. Biol. Rev. 62, 117-190, 1998) . The SeV M protein 
amino acid sequence 104 to 119 (104- KACT DLRI T VRRT VRA- 119 / SEQ ID 

15 NO: 45) is presumed to form an amphiphilic a-helix, and has been 

identified as an important region for viral particle formation (Mottet, 
G. et al. , J. Gen. Virol . 80, 2 97 7-2 98 6, 1999). This region is widely 
conserved among (-) strand RNA viruses. M protein amino acid 
sequences are similar among (-) strand RNA viruses. In particular, 

20 known M proteins in viruses belonging to the subfamily Paramyxovirus 
are commonly proteins with 330 to 380 amino acid residues. Their 
structure is similar over the whole region, though the C-end halves 
have particularly high homology (Gould, A. R., Virus Res. 43, 17-31, 
1996; Harcourt, B. H. et al. , Virology 271, 334-349, 2000) . Therefore, 

25 for example, amino acid residues homologous to G69, T116 and A183 
of the SeV M protein can be easily identified. 

Amino acid residues at sites homologous to other (-) strand RNA 
virus M proteins corresponding to G69, T116 and A183 of the SeV M 
proteins can be identified by one skilled in the art through alignment 

30 with the SeV M protein, using an amino acid sequence homology search 
program which includes an alignment forming function, such as BLAST, 
or an alignment forming program, such as CLUSTAL W. Examples of 
homologous sites in M proteins that correspond to G69 in the SeV M 
protein include G69 in human parainfluenza virus-1 (HPIV-1) ; G73 in 

35 human parainfluenza virus-3 (HPIV-3) ; G70 in phocine distemper virus 



(PDV) and canine distemper virus (CDV) ; G71 in dolphin molbillivirus 
(DMV) ; G70 in peste-des-pet its-ruminant s virus (PDPR) , measles virus 
(MV) and rinderpest virus (RPV) ; G81 in Hendra virus (Hendra) and 
Nipah virus (Nipah) ; G70 in human parainfluenza virus-2 (HPIV-2); 
E47 in human parainfluenza virus-4a (HPIV-4a) and human parainfluenza 
virus-4b. (HPIV-4b) ; and E72 in mumps virus (Mumps). (Descriptions 
in brackets indicate the abbreviation; letters and numbers indicate 
amino acids and positions.) Examples of homologous sites of M 
proteins corresponding to T116 in the SeV M protein include Til 6 in 
human parainfluenza virus-1 (HPIV-1) ; T120 in human parainfluenza 
virus-3 (HPIV-3) ; T104 in phocine distemper virus (PDV) and canine 
distemper virus (CDV) ; T105 in dolphin molbillivirus (DMV) ; T104 in 
peste-des-petits-ruminants virus (PDPR), measles virus (MV) , 
rinderpest virus (RPV) ; T120 in Hendra virus (Hendra) and Nipah virus 
(Nipah); T117 in human parainfluenza virus-2 (HPIV-2) and simian 
parainfluenza virus 5 (SV5) ; T121 in human parainfluenza virus-4a 
(HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; T119 in mumps 
virus (Mumps) ; and S120 in Newcastle disease virus (NDV) . Examples 
of homologous sites of M proteins corresponding to A183 of SeV M 
protein are A183 in human parainfluenza virus-1 (HPIV-1); F187 in 
human parainfluenza virus-3 (HPIV-3) ; Y171 in phocine distemper virus 
(PDV) and canine distemper virus (CDV) ; Y172 in dolphin molbillivirus 
( DMV) ; Y17 1 in peste-des-petits-ruminants virus ( PDPR) ; measles virus 
(MV) and rinderpest virus (RPV) ; Y187 in Hendra virus (Hendra) and 
Nipah virus (Nipah); Y184 in human parainfluenza virus-2 (HPIV-2); 
F184 in simian parainfluenza virus 5 (SV5) ; F188 in human 
parainfluenza virus-4a (HPIV-4a) and human parainfluenza virus-4b 
(HPIV-4b) ; F186 in mumps virus (Mumps) ; and Y187 in Newcastle disease 
virus (NDV) . Among the viruses mentioned above, viruses suitable for 
use in the present invention include those comprising genomes which 
encode an M protein mutant, where amino acid residue (s) have been 
substituted at any one of the above-mentioned three sites, preferably 
at an arbitrary two of these three sites, and more preferably at all 
three sites. 

An amino acid mutation includes substitution with any other 
desirable amino acid. However, the substitution is preferably with 



an amino acid having different chemical characteristics in its side 
chain. Amino acids can be divided into groups such as basic amino 
acids (e. g., lysine, arginine, histidine) ; acidic amino acids (e. 
g., aspartic acid, glutamic acid); uncharged polar amino acids (e. 
g., glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine); nonpolar amino acids (e. g., alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophane) ; 
p-branched amino acids (e. g., threonine, valine, isoleucine); and 
aromatic amino acids (e. g., tyrosine, phenylalanine, tryptophane, 
histidine) . One amino acid residue, belonging to a particular group 
of amino acids, may be substituted for by another amino acid, which 
belongs to a different group. Specific examples include but are not 
limited to: substitution of a basic amino acid for an acidic or neutral 
amino acid; substitution of a polar amino acid for a nonpolar amino 
acid; substitution of an amino acid of molecular weight greater than 
the average molecular weights of 20 naturally-occurring amino acids, 
for an amino acid of molecular weight less than this average; and 
conversely, substitution of an amino acid of molecular weight less 
than this average, for an amino acid of molecular weight greater than 
this average. For example, Sendai virus M proteins comprising 
mutations selected from the group consisting of G69E, T116A, and A183S 
or other paramyxovirus M proteins comprising mutations at homologous 
positions thereto can be suitably used. Herein, G69E refers to a 
mutation wherein the 69th M protein amino acid glycine is substituted 
by glutamic acid, T116A refers to a mutation wherein the 116th M 
protein amino acid threonine is substituted by alanine, and A183S 
refers to a mutation wherein the 183rd M protein amino acid alanine 
is substituted by serine. In other words, G69, T116 and A183 in the 
Sendai virus M protein or homologous M protein sites in other viruses, 
can be substituted by glutamic acid (E) , alanine (A) , and serine (S) , 
respectively. These mutations are preferably utilized in 

combination, and it is particularly preferable to include all three 
of the above-mentioned mutations. M gene mutagenesis can be carried 
out according to a known mutagenizing method. For example, as 
described in the Examples, a mutation can be introduced by using an 
oligonucleotide containing a desired mutation. 



In the case of measles virus for example, the M gene sequence 
of temperature-sensitive strain P253-505, in which the epitope 
sequence of an anti-M protein monoclonal antibody has been altered, 
can be used (Morikawa, Y. et al., Kitasato Arch . Exp. Med. 64, 15-30, 
1991) . In addition, the threonine at residue 104 of the measles virus 
M protein, or the threonine at residue 119 of the mumps virus M protein, 
which correspond to the threonine at residue 116 of the SeV M protein, 
may be substituted with any other amino acid (for example, alanine) . 

According to a more preferred embodiment, the vectors of the 
present invention comprise M gene deficiencies. The phrase gene 
deficiency" refers to a lack of the function of M protein, including 
cases where the vector has an M gene comprising a functionally 
deficient mutation, and cases where the M gene is absent from the 
vector. A functionally deficient M gene mutation can be produced, 
for example, by deleting the M gene protein-encoding sequence, or 
by inserting another sequence. For example, a termination codon can 
be inserted partway through the M protein-encoding sequence (WO 
00/09700) . Most preferably, the vectors of the present invention are 
completely devoid of M protein-encoding sequences. Unlike a vector 
encoding a conditional mutant M protein, a vector without an M protein 
open reading frame (ORF) cannot produce viral particles under any 
conditions . 

In order to produce the vectors of the present invention, cDNAs 
encoding the paramyxovirus' genomic RNA are transcribed, in the 
presence of viral proteins necessary for the reconstitution of RNPs 
which comprise the paramyxovirus' genomic RNA, i.e., in the presence 
of N, P, and L proteins . The viral RNP may be reconstituted by forming 
a negative strand genome (i.e., the antisense strand that is the same 
as the viral genome) or a positive strand (the sense strand encoding 
the viral proteins) . For improved reconstitution efficiency, 
formation of the positive strand is preferable. The 3' -leader and 
5' -trailer sequence at the RNA ends preferably reflects the natural 
viral genome as accurately as possible. To accurately control the 
5 1 -end of the transcription product, a T7 RNA polymerase recognition 
sequence may be used as a transcription initiation site to express 
the RNA polymerase in cells. The 3 1 -end of the transcription product 
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can be controlled, for example, by encoding a self -cleaving ribozyme 
onto this 3* -end, ensuring it is accurately cut (Hasan, M. K. et al. , 
J. Gen. Virol. 78, 2813-282 0, 1997; Kato, A. et al. , EMBO J. 16, 57 8-587, 
1997; Yu, D. et al., Genes Cells 2, 457-466, 1997). 

A cloning site for inserting foreign genes into cDNA that 
encodes the genomic RNA can be designed in order to facilitate 
insertion of a foreign gene. The site may be inserted at any preferred 
position of the protein non-coding region on the genome. 
Specifically, the site may be inserted between the 3' -leader region 
and the viral protein ORF closest to the 3' -terminus, between viral 
protein ORFs, and/or between the viral protein ORF closest to the 
5' -terminus and the 5' -trailer region. In an M gene-deficient genome, 
the cloning site can be designed at the deleted site of the M gene. 
The cloning site may be, for example, a recognition sequence for a 
restriction enzyme. The cloning site may be the so-called 
multi-cloning site comprising a plurality of restriction enzyme 
recognition sequences. The cloning site can be divided to exist at 
multiple sites on the genome so that a plurality of foreign genes 
can be inserted into different positions of the genome. 

Recombinant virus RNP lacking particle formation ability can 
be constructed according to, for example, the descriptions in "Hasan, 
M. K. et al., J. Gen. Virol. 78, 2813-2820, 1997", "Kato, A. et al., 
EMBO J. 16, 578-587, 1997" and "Yu, D. et al., Genes Cells 2, 457-466, 
1997". This method is outlined below: 

To introduce a foreign gene, a DNA sample comprising the cDNA 
nucleotide sequence of the desired foreign gene is first prepared. 
The DNA sample is preferably electrophoretically identified as a 
single plasmid at a concentration of 25 ng/nl or more. The following 
example describes the use of the NotI site in the insertion of a foreign 
gene into DNA encoding viral genomic RNA: If the target cDNA 
nucleotide sequence comprises a NotI recognition site, this site 
should be removed beforehand using a technique such as site-specific 
mutagenesis to change the nucleotide sequence, without changing the 
amino acid sequence it codes. The desired gene fragment is amplified 
and recovered from this DNA sample using PCR. By attaching NotI sites 
to the 5' -regions of the two primers, both ends of the amplified 
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fragment become NotI sites. The E-I-S sequence or a part thereof is 
included in the primer, so that the E-I-S sequence is placed between 
both the ORFs on either side of the viral genes, and the ORF of the 
foreign gene (after it has been incorporated into the viral genome) . 
5 For example, to assure cleavage by NotI, the forward side 

synthetic DNA sequence is arranged as follows: Two or more nucleotides 
(preferably four nucleotides, excluding sequences such as GCG and 
GCC that are derived from the NotI recognition site; more preferably 
ACTT) are randomly selected on its 5' -side, and a NotI recognition 

10 site M gcggccgc" is added to its 3' -side. In addition, a spacer 
sequence (nine random nucleotides, or nucleotides of nine plus a 
multiple of six) and an ORF (a sequence equivalent to about 25 
nucleotides and comprising the initiation codon ATG of the desired 
cDNA) are also added to the 3' -side. About 25 nucleotides are 

15 preferably selected from the desired cDNA, such that G or C is the 
final nucleotides on the 3' -end of the forward side synthetic oligo 
DNA. 

The reverse side synthetic DNA sequence is arranged as follows: 
Two or more random nucleotides (preferably four nucleotides, 

20 excluding sequences such as GCG and GCC that originate in the NotI 
recognition site; more preferably ACTT) are selected from the 5 ' - side, 
a NotI recognition site "gcggccgc" is added to the 3' -side, and an 
oligo DNA insertion fragment is further added to the 3' -side in order 
to regulate length. The length of this oligo DNA is designed such 

25 that the number of nucleotides in the final PCR-amplif ied NotI 
fragment product, which comprises the E-I-S sequence, becomes a 
multiple of six (the so-called "rule of six"; Kolakof ski , D. et al., 
J. Virol. 72, 891-899, 1998; Calain, P. and Roux, L., J. Virol. 67, 
4822-4830, 1993; Calain, P. and Roux, L . , J. Virol. 67, 4822-4830, 

30 1993) . A sequence complementary to the Sendai virus S sequence, 
preferably 5 ' -CTTTCACCCT-3 ' (SEQ ID NO: 8) , a sequence complementary 
to the I sequence, preferably 5'-AAG-3' , and a sequence complementary 
to the E sequence, preferably 5' -TTTTTCTTACTACGG-3' (SEQ ID NO: 9), 
are further added to the 3' -side of the inserted oligo-DNA fragment. 

35 When these primers to which E-I-S sequence is added are used, the 
3' -end of the reverse side synthetic DNA is formed by the addition 
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of a complementary sequence, equivalent to about 25 nucleotides 
counted in reverse from the termination codon of the desired cDNA, 
and whose length is selected such that G or C becomes the final 
nucleotide . 

5 PCR can be carried out according to a usual method with Taq 

polymerase or such. Desired fragments thus amplified are digested 
with NotI, and then inserted into the Notl site of the plasmid vector 
pBluescript. The nucleotide sequences of the PCR products thus 
obtained are confirmed using a sequencer to select a plasmid 

10 comprising the correct sequence. The inserted fragment is excised 
from the plasmid using Notl, and cloned to the Notl site of the plasmid 
carrying the genomic cDNA. Alternatively, recombinant Sendai virus 
cDNA can be obtained by directly inserting the fragment into the Notl 
site, without the mediation of the plasmid vector. 

15 For example, a recombinant Sendai virus genome cDNA can be 

constructed according to the method described in the references (Yu, 
D. et al., Genes Cells 2, 457-466, 1997; Hasan, M. K. et al., J. Gen. 
Virol. 78, 2813-2820, 1997) . For example, an 18-bp spacer sequence 
comprising a Notl restriction site ( 5 ' - (G) -CGGCCGCAGATCTTCACG-3 ' ) 

20 (SEQ ID NO: 10) is inserted into a cloned Sendai virus genome cDNA 
(pSeV(+)) between the leader sequence and the ORF of N protein, and 
thus a plasmid pSeV18 + b(+) containing a self -cleaving ribozyme site 
derived from the antigenomic strand of delta-hepatitis virus is 
obtained (Hasan, M. K. et al., J. General Virology 78, 2813-2820, 

25 1997) . 

In addition, for example, in the case of M gene deletion, or 
introduction of a temperature-sensitive mutation, the cDNA encoding 
genomic RNA is digested by a restriction enzyme, and the M 
gene-comprising fragments are collected and cloned into an 

30 appropriate plasmid. M gene mutagenesis or construction of an M 
gene-deficient site is carried out using such a plasmid. The 
introduction of a mutation can be carried out, for example, using 
a QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 
CA) according to the method described in the kit directions. For 

35 example, M gene deficiency or deletion can be carried out using a 
combined PCR-ligation method, whereby deletion of all or part of the 
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M gene ORF, and ligation with an appropriate spacer sequence, can 
be achieved. After obtaining an M gene-mutated or -deficient 
sequence, fragments comprising the sequence are recovered, and the 
M gene region in the original full-length cDNA is substituted by this 
5 sequence. Thus, a viral genome cDNA comprising a mutated M gene, can 
be prepared. Using similar methods, mutation can be introduced into, 
for example, F and/or HN genes. 

The vectors of this invention can be reconstituted by 
intracellularly transcribing DNAs encoding the genomic RNAs in the 

10 presence of the viral protein. The present invention provides DNAs 
encoding the viral genomic RNAs of the vectors of this invention, 
which are used to produce the vectors of this invention. Furthermore, 
the present invention relates to the use of DNAs encoding the genomic 
RNAs of the vectors for producing the vectors of this invention. Viral 

15 reconstitution from (-) strand virus' genomic cDNAs can be carried 
out using known methods (WO 97/16539; WO 97/16538; Durbin, A. P. et 
al., Virology 235, 323-332, 1997; Whelan, S. P. et al., Proc. Natl. 
Acad. Sci. USA 92, 8388-8392, 1995; Schnell. M. J. et al., EMBO J. 
13, 4195-4203, 1994; Radecke, F. et al., EMBO J. 14, 5773-5784, 1995; 

20 Lawson, N. D. et al., Proc. Natl. Acad. Sci. USA 92, 4477-4481, 1995; 
Garcin, D. etal., EMBO J. 14, 6087-6094, 1995; Kato, A. etal., Genes 
Cells 1, 569-579, 1996; Baron, M. D. and Barrett, T . , J. Virol. 71, 
1265-1271, 1997; Bridgen, A. and Elliott, R. M. , Proc. Natl. Acad. 
Sci. USA 93, 15400-15404, 1996). Using these methods , (-) strand RNA 

25 viruses, or RNP as viral components, can be reconstituted from their 
DNA, including viruses such as parainfluenza virus, vesicular 
stomatitis virus, rabies virus, measles virus, rinderpest virus, 
Sendai virus, etc. The vectors of the present invention can be 
reconstituted according to these methods. 

30 Specifically, the vectors of the present invention can be 

produced by the steps of: (a) transcribing the cDNA, which encodes 
the paramyxoviral genomic RNA (negative strand RNA) or its 
complementary strand (positive strand) , in cells expressing N, P, 
and L proteins; and (b) collecting a complex, which comprises the 

35 genomic RNA, from the cells or their culture supernatant. The 
transcribed genomic RNA is replicated in the presence of N, L, and 



P proteins to form the RNP complex. When step (a) is performed in 
the presence of a protease that cleaves the modified F protein encoded 
by the genome, the resulting RNP is transferred to cells that are 
in contact with the cells, infection spreads, and the vector is 
amplified. According to this method, the vectors of this invention 
can be produced in RNP form in spite of the absence of a functional 
M protein. 

Enzymes needed for the initial transcription of the genomic RNA 
from DNA, such as T7 RNA polymerase, can be provided by transfecting 
plasmids or viral vectors that express the enzymes. Alternatively, 
the enzymes can be provided by incorporating their genes into the 
chromosome of cells to allow expression to be induced during virus 
reconstitution . Furthermore, viral proteins necessary for genomic 
RNA and vector reconstitution are provided, for example, by 
introducing plasmids that express these proteins. To provide these 
viral proteins, helper viruses such as wild-type paramyxovirus or 
certain kinds of mutant paramyxovirus may be used. However, since 
this causes contamination by these viruses, the use of helper viruses 
is not preferred. 

Methods for transferring DNAs which express genomic RNAs into 
cells include, for example, the following : 1) the method for preparing 
DNA precipitates that can be taken up by objective cells; 2) the method 
for preparing a positively charged DNA-comprising a complex which 
has low cytotoxicity and can be taken up by target cells; and 3) the 
method for using electric pulses to instantaneously open holes in 
target cell membranes so that DNA molecules can pass through. 

In the above method 2), a variety of transfection reagents can 
be utilized, examples including DOTMA (Roche) , Superfect (QIAGEN 
#301305), DOTAP, DOPE, DOSPER (Roche #1811169), etc. An example of 
method 1) is a transfection method using calcium phosphate, in which 
DNA that enters cells is incorporated into phagosomes, but is also 
incorporated into the nuclei at sufficient amounts (Graham, F. L. 
and Van Der Eb, J., Virology 52, 456, 1973; Wigler, M. and Silverstein, 
S., Cell 11, 223, 1977). Chen and Okayama have investigated the 
optimization of this transfer technique, reporting that optimal 
precipitates can be obtained under conditions wherein 1) cells are 
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incubated with co-precipitates in an atmosphere of 2% to 4% CO2 at 
35°C for 15 to 24 hours; 2) circular DNA having a higher activity 
than linear DNA is used; and 3) DNA concentration in the precipitate 
mixture is 20 to 30 [ig/ml (Chen, C. and Okayama, H., Mol . Cell. Biol* 
5 7, 2745, 1987). Method 2) is suitable for transient transf ection . 
In. an older known method, a DEAE-dextran (Sigma #D-9885, M.W. 5x 10 5 ) 
mixture is prepared in a desired DNA concentration ratio, and 
transfection is performed. Since many complexes are decomposed 
inside endosomes, chloroquine may be added to enhance results (Calos, 

10 M. P., Proc. Natl. Acad. Sci. USA 80, 3015, 1983). Method 3) is 
referred to as electroporation, and is more versatile than methods 
1) and 2) because it doesn't involve cell selectivity. Method 3) is 
said to be efficient when conditions are optimal for pulse electric 
current duration, pulse shape, electric field potency (the gap between 

15 electrodes, voltage) , buffer conductivity, DNA concentration, and 
cell density. 

Of the above three categories, method 2) is easily operable, 
and facilitates examination of many test samples using a large numbers 
of cells. Transfection reagents are therefore suitable for cases 

20 where DNA is introduced into cells for vector reconst itution . 
Preferably, Superfect Transf ection Reagent (QIAGEN, Cat. No. 301305) 
or DOSPER Liposomal Transfection Reagent (Roche, Cat. No. 1811169) 
is used, but the transfection reagents are not limited thereto. 

Specifically, the reconstitution of viral vectors from cDNA can 

25 be performed, for example, as follows: 

Simian kidney-derived LLC-MK2 cells are cultured to 
approximately 100% confluency in 24-well to 6-well plastic culture 
plates, or 100 mm diameter culture dishes and such, using a minimum 
essential medium (MEM) containing 10% fetal calf serum (FCS) and 

30 antibiotics (100 units/ml penicillin G and 100 ng/ml streptomycin) . , 
These cells are then infected, for example, at 2 PFU/cell with 
recombinant vaccinia virus vTF7-3 expressing T7 polymerase. This 
virus has been inactivated by UV irradiation treatment for 20 minutes 
in the presence of 1 \xq/ml psoralen (Fuerst, T. R. et al. , Proc. Natl. 

35 Acad. Sci. USA 83, 8122-8126, 1986; Kato, A. et al., Genes Cells 1, 
569-579, 1996) . The amount of psoralen added and the UV irradiation 
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time can be appropriately adjusted. One hour after infection, the 
lipofection method or the like is used to transfect cells with 2 \xq 
to 60 \ig, more preferably 3 \iq to 20 \iq, of the above-described DNA, 
which encodes the genomic RNA of the recombinant Sendai virus. Such 
5 methods use Superfect (QIAGEN) , and plasmids which express the 
trans-acting viral proteins required for the production of viral RNP 
(0.5 |ag to 24 \xq of pGEM-N, 0.25 jag to 12 jag of pGEM-P and 0.5 jxg to 
24 |ng of pGEM-L) (Kato, A. et al., Genes Cells 1, 569-579, 1996). 
The ratio of expression vectors encoding N, P, and L is preferably 
10 2:1:2. The amount of plasmid is appropriately adjusted, for example, 
to 1 |ig to 4 \xq of pGEM-N, 0 . 5 \iq to 2 jag of pGEM-P, and 1 \xq to 4 
\iq of pGEM-L. 

The transfected cells are cultured in a serum-free MEM 
containing 100 jig/ml each of rifampicin (Sigma) and cytosine 

15 arabinoside (AraC) if desired, more preferably containing only 40 
|j.g/ml of cytosine arabinoside (AraC) (Sigma) . Reagent 
concentrations are optimized for minimum vaccinia virus-caused 
cytotoxicity, and maximum recovery rate of the virus (Kato, A. et 
al., Genes Cells 1, 569-579, 1996). After transf ection, cells are 

20 cultured for about 48 hours to about 72 hours, recovered, and then 
disrupted by three repeated freezing and thawing cycles. LLC-MK2 
cells are re-transf ected with the disrupted cells and then cultured. 
RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and a polycationic liposome. 

25 Specifically, a variety of transfection reagents can be utilized. 
Examples of these are DOTMA (Roche) , Superfect (QIAGEN #301305) , DOTAP, 
DOPE, DOSPER (Roche #1811169), etc. Chloroquine may be added to 
prevent RNP decomposition in endosomes (Calos, M. P., Proc. Natl. 
Acad. Sci. USA 80, 3015, 1983) . In cells transfected with RNP, the 

30 steps of expressing viral genes from RNP and replicating RNP proceed 
to amplify the vector. By diluting the obtained cell lysate and 
repeating amplification, vaccinia virus vTF7-3 can be completely 
removed. Reamplif ication may be repeated, for example, 3 times or 
more. The obtained RNP can be stored at -80°C. 

35 Host cells used for reconst itution are not restricted so long 

as the viral vector can be reconstituted. For example, in the 



reconstitution of the Sendai virus vector and such, monkey 
kidney-derived LLC-MK2 cells and CV-1 cells, cultured cells such as 
hamster kidney-derived BHK cells, human-derived cells, and such, can 
be used. By expressing a suitable envelope protein in these cells, 
infective virions comprising this protein in the envelope can be 
obtained. 

When the M gene in the viral genome is defective or deleted, 
viral particles are not formed from cells infected with such virus. 
Therefore, even though the vectors of this invention can be prepared 
as RNP or cells comprising RNP by the methods as described above, 
the vectors cannot be prepared as viral particles. Furthermore, 
after the transfection of RNPs, RNPs that proliferated in the cell 
are transmitted only to contacting cells. Therefore, infection 
spreads slowly which makes the production of large amounts of viral 
vector in high titers difficult. The present invention provides a 
method for producing the vectors of this invention as viral particles. 
Viral particles are more stable in* solution as compared to RNPs. In 
addition, by letting the viral particles have inf ectivity, the vectors 
can be introduced to target cells through simple contact without a 
transfection reagent and such. Therefore, the viral particles are 
particularly useful in industrial application. As a method for 
producing the vectors of this invention as viral particles, the virus 
is reconstituted under permissive conditions using a viral genome 
comprising an M gene having a conditional mutation. Specifically, 
the M protein functions to form particles by culturing cells 
transf ected with a complex obtained through the above-described step 

(a) or steps (a) and (b) under permissive conditions. A method for 
producing viral particles that comprise genomic RNA encoding the 
mutant M protein having conditional mutation comprises the steps of: 

(i) amplifying the RNP, which comprises N, P, and L proteins of 
paramyxovirus and the genomic RNA, int racellularly under conditions 
permissive for the mutant M protein; and (ii) collecting viral 
particles released into the cell culture supernatant. For example, 
a temperature-sensitive mutant M protein may be cultured at its 
permissive temperature . 

Another method for producing the vectors of the present 
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invention as viral particles uses helper cells that express the M 
protein. By using M helper cells, the present inventors produced a 
vector wherein the cleavage site of the F protein is modified to a 
sequence that is cleaved by another protease and the M gene is mutated 
5 or deleted as viral particles. Since the method of this invention 
does not require a helper . virus , such as the wild-type paramyxovirus, 
contamination by an M gene-comprising virus having particle forming 
ability does not occur. Thus, the vectors of this invention can be 
prepared in a pure form. The present invention provides viral 
10 particles which comprises (i) a genomic RNA of paramyxovirus wherein 

(a) a nucleic acid encoding the M protein is mutated or deleted, and 

(b) a modified' F protein whose cleavage site sequence is substituted 
with a sequence that is cleaved by a protease that does not cleave 
the wild-type F protein is encoded, further wherein the viral 

15 particle: (1) has the ability to replicate the genomic RNA in a cell 
transfected with the viral particle; (2) shows significantly 
decreased or eliminated production of a viral particle in the 
intrahost environment; and (3) has the ability to introduce the 
genomic RNA in a cell that contacts with the cell transfected with 

20 the viral particle comprising the genomic RNA in the presence of the 
protease. According to a preferred embodiment, such viral particle 
will not produce viral particles. 

A method for producing the viral particles of this invention 
in cells expressing a functional M protein may comprise the steps 

25 of: (i) amplifying the RNP, comprising N, P, and L proteins of the 
paramyxovirus, and the genomic RNA in cells expressing wild-type M 
protein of paramyxovirus or equivalent proteins thereto; and 
(ii) collecting the viral particles released into the cell culture 
supernatant. So long as the wild-type M protein has activity to form 

30 viral particles, it may be derived from a paramyxovirus from which 
the genomic RNA is not derived. Furthermore, a tag peptide and such 
may be added to the protein, or alternatively, when it is expressed 
through an appropriate expression vector, a linker peptide derived 
from the vector may be added to the protein. As described above, the 

35 protein to be used does not have to be the wild-type M protein itself 
but may be a protein having viral particle-forming ability equivalent 
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to the wild-type protein. A viral particle produced from M 
protein-expressing cells comprises the M protein expressed in these 
cells in its envelope; however, it does not comprise the gene encoding 
this protein. Therefore, the wild-type M protein is no longer 
5 expressed in cells infected with this virus. Thus, viral particles 
cannot be formed. 

Production of helper cells expressing the M protein can be 
performed as described below. To prepare a vector that expresses the 
M protein in an inducible fashion, for example, inducible promoters 

10 or expression regulating systems using recombination (such as 
Cre/loxP) are used. A Cre/loxP inducible expression plasmid can be 
constructed using, for example, a plasmid pCALNdlw, which has been 
designed to inducibly express gene products using Cre DNA recombinase 
(Arai, T. et al., J. Virology 72, 1115-1121, 1998) . As cells capable 

15 of expressing M proteins, helper cell lines capable of persistently 
expressing M proteins are preferably established by inducing M genes 
introduced into their chromosomes. For example, the monkey 
kidney-derived cell line LLC-MK2 or the "like can be used for such 
cells. LLC-MK2 cells are cultured at 37 °C in MEM containing 10% 

20 heat-treated immobilized fetal bovine serum (FBS) , 50 units/ml sodium 
penicillin G, and 50 jag /ml streptomycin, under an atmosphere of 5% 
CO2 . The above-mentioned plasmid, which has been designed to 
inducibly express the M gene products with Cre DNA recombinase, is 
introduced into LLC-MK2 cells using the calcium-phosphate method 

25 (mammalian transfection kit (Stratagene) ) according to a known 
protocol . 

For example, 10 |u,g of M-expression plasmid may be introduced 
into LLC-MK2 cells grown to be 40% confluent in a 10 -cm plate. These 
cells are then incubated in an incubator at 37 °C, in 10 ml of MEM 

30 containing 10% FBS and under 5% C0 2 . After 24 hours of incubation, 
the cells are harvested and suspended in 10 ml of medium. The 
suspension is then plated onto five dishes of 10 -cm diameter: 5 ml 
of the suspension are added to one dish, 2 ml to two dishes, and 0.2 
ml to two dishes. The cells in each dish are cultured with 10 ml of 

35 MEM containing 10% FBS and 1200 ng/ml G418 (GIBCO-BRL) for 14 days; 
the medium is changed every two days. Thus, cell lines in which the 



gene has been stably introduced are selected. The G4 18-resistant 
cells grown in the medium are harvested using cloning rings. Cells 
of each clone harvested are further cultured to confluence in a 10-cm 
plate . 

High level expression of the M protein in helper cells is 
important in recovering a high titer virus. For this purpose, for 
example, the above selection of M-expressing cells is preferably 
carried out twice or more. For example, an M-expressing plasmid 
comprising a drug-resistance marker gene is transfected, and cells 
comprising the M gene are selected using the drug. Following this, 
an M-expressing plasmid comprising a marker gene resistant to a 
different drug is transfected into the same cells, and cells are 
selected using this second drug-resistance marker. Cells selected 
using the second marker are likely to express M protein at a higher 
level than cells selected after the first transf ection . Thus, 
M-helper cells constructed through twice-repeated transf ections can 
be suitably applied. Since the M-helper cells can simultaneously 
express the F gene, production of infective viral particles deficient 
in both F and M genes is possible (WO 03/025570). In this case, 
transfection of the F-gene-expressing plasmids more than twice is 
also suggested to raise the level of F protein expression induction. 
The genes of modified F proteins as described herein can be used as 
F genes. 

An M protein induction expression may be achieved by incubating 
cells to confluence in a 6-cm dish, and then, for example, infecting 
these cells with adenovirus AxCANCre at MOI= ~3, according to the 
method of Saito et al. (Saito et al. , Nucleic Acids Res. 23, 3816-3821, 
1995; Arai, T. et al., J. Virol. 72, 1115-1121, 1998). 

To produce the virus particles of the present invention using 
cells that express wild-type M protein or an equivalent protein (M 
helper cells) , the above-described RNP of the present invention may 
be introduced into these cells and then cultured. RNP can be 
introduced into M helper cells, for example, by the transfection of 
RNP-containing cell lysate into M helper cells, or by cell fusion 
induced by the co-cultivation of RNP-producing cells and M helper 
cells. It can also be achieved by transcribing genomic RNA into M 
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helper cells and conducting de novo RNP synthesis under the presence 
of N, P, and L proteins. 

Above-described step (i) (the step of amplifying RNP using an 
M helper cell) is preferably carried out at a low temperature in the 
present invention. In the production of a vector using a 
temperature-sensitive mutant M protein, the process of producing 
viral particles is necessarily carried out at temperatures below the 
permissive temperature. However, surprisingly, the present 
inventors found that in the present method, efficient particle 
production was possible when the process of viral particle formation 
was carried out at low temperatures, even when using the wild-type 

M protein. In the context of the present invention, the term "low 

temperature" means 35°C or less, preferably 34 °C or less, more 

preferably 33°C or less, and most preferably 32°C or less. 

According to the present invention, viral particles can be 
released into the external fluid of virus-producing cells, for example, 
at a titer of lx 10 5 ClU/ml or more, preferably lx 10 6 ClU/ml or more, 
more preferably 5x 10 6 ClU/ml or more, more preferably lx 10 7 ClU/ml 
or more, more preferably 5x 10 7 ClU/ml or more, more preferably lx 
10 8 ClU/ml or more, and more preferably 5x 10 8 ClU/ml or more. The 
virus titer can be measured by the methods described in the 
specification and other literature (Kiyotani, K. et al., Virology 
177(1), 65-74, 1990; WO 00/70070). 

One preferred embodiment of a method for reconstituting a 
recombinant viral vector from the M-deficient viral genome cDNA is 
as follows: Namely, the method comprises the steps of (a) 
transcribing a DNA encoding the (negative-stranded or 
positive-stranded) genomic RNA in cells expressing the viral proteins 
necessary for the formation of infective viral particles (i.e., NP, 
NP, P, L, M, F, and HN proteins) ; (b) co-culturing these cells with 
cells expressing chromosomally integrated M gene (i.e., M helper 
cells) ; (c) preparing a cell extract from this culture; (d) 
transf ecting the cells expressing the chromosomally integrated M gene 
(i.e., M helper cells) with the extract and culturing these cells; 
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and (e) recovering viral particles from the culture supernatant. 
Step (d) is preferably carried out under the low temperature 
conditions described above. The obtained viral particles can be 
amplified by re-infection of helper cells (preferably at low 
5 temperatures) . Specifically, the virus can be reconstituted 
according to the description in the Examples. The recovered viral 
particles can be diluted and then infected again to M helper cells 
to be amplified. This amplification step can be performed repeatedly 
two or three times or more. The obtained virus stock can be stored 

10 at -80°C. The virus titer can be determined by measuring the 
hemagglutination activity (HA) . HA can be determined by the 
XN end-point dilution method". 

Specifically, first, LLC-MK2 cells are plated onto a 100-mm dish 
at a density of 5x 10 6 cells/dish. When inducing the transcription 

15 of genomic RNA using T7 RNA polymerase, cells may be cultured for 
24 hours and then infected at room temperature for one hour with T7 
polymerase-expressing recombinant vaccinia virus ( PLWUV-VacT7 ) at 
MOI= approximately 2, which has been treated with psoralen and 
long-wavelength ultraviolet light (365 nm) for 20 minutes (Fuerst, 

20 T.R. et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986). After 
the cells are washed with serum-free MEM, plasmids expressing the 
genomic RNA and plasmids expressing the N, P, L, F, and HN proteins 
of paramyxoviruses, respectively, are used to transfect cells using 
appropriate lipofection reagents. The ratio of plasmids can be, for 

25 example, 6:2:1:2:2:2, but it is not limited thereto. After culturing 
for five hours, the cells are washed twice with serum-free MEM, and 
then cultured in MEM containing 4 0 jig/ml 

cytosine-p-D-arabinof uranoside (AraC, Sigma, St. Louis, MO) and 7.5 
|ng/ml trypsin (GIBCO-BRL, Rockville, MD) . After culturing for 24 

30 hours, the cells are overlaid with cells that continuously express 
M protein (M helper cells) , at a density of about 8 . 5x 10 6 cells/dish, 
and then cultured for a further two days at 37°C in MEM containing 
40 jag /ml AraC and 7.5 jag/ml trypsin (P0). The cultured cells are 
collected and the precipitate is suspended in 2 ml/dish OptiMEM. 

35 After repeating the cycle of freezing and thawing for three times, 
the lysate is directly transfected to the M helper cells and the cells 
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are cultured at 32 °C in serum-free MEM containing 40 jj.g/mL AraC and 
proteases that cleaves the F protein (PI) . A portion of the culture 
supernatant is collected three to 14 days later, infected into freshly 
prepared M helper cells, and then cultured at 32°C in serum-free MEM 
containing 40 jag/mL AraC and the protease (P2) . Three to 14 days later, 
freshly prepared M helper cells are reinfected, and cultured in the 
presence (for preparing F-cleaved virus) or absence (for preparing 
F-uncleaved viral particle) of the protease for three to seven days 
at 32 °C using serum-free MEM (P3) . By repeating the reamplif ication 
three times or more, the initially used vaccinia virus can be 
completely eliminated. BSA is added to the collected culture 
supernatant at a final concentration of 1%, and this is stored at 
-80°C. 

The viral particle of this invention may be an infectious 
particle whose modified F protein is cleaved, or may be a potentially 
infectious viral particle having no infectivity in its initial form 
but becoming infective upon treatment with a protease that cleaves 
the modified F protein. The modified F protein encoded by the genome 
exists on the envelope of the viral particle; however, it lacks 
infectivity when left uncleaved. This kind of virus acquires 
infectivity though the treatment with a protease that cleaves the 
cleavage sequence of this modified F protein, or through contact with 
cells or tissues in the presence of the protease to cleave the F protein. 
In order to obtain viral particles whose modified F protein is not 
cleaved through the above virus production using virus producing cells, 
the final step of virus amplification step may be performed in the 
absence of proteases that cleave the modified F protein. On the other 
hand, preparation of the virus in the presence of the protease allows 
production of infective viral particles with cleaved F protein. 

Furthermore, by expressing, in the cell, an envelope protein 
that is not encoded in the viral genome during viral particle 
production, a viral particle comprising this protein in its envelope 
can be produced. An example of such an envelope protein is the 
wild-type F protein. The viral particle produced in this manner 
encodes the modified F protein on its genomic RNA and carries the 
wild-type F protein in addition to this modified protein on its 



61 



envelope. By providing the wild-type F protein in trans at the step 
of viral particle production and amplifying in the presence of trypsin 
that cleaves the protein, the viral particles become infective through 
the cleavage of the wild-type F protein on the viral particles. 
5 According to this method, even if a protease that cleaves the modified 
F protein is not used, infective viral particles can be prepared at 
high titers. Therefore, the viral particles of this invention may 
be viral particles comprising the wild-type F protein of a 
paramyxovirus. The wild-type F protein does not necessarily have to 

10 be derived from the same type of paramyxovirus as the viral genome, 
and may be an envelope protein from another paramyxovirus. 

Moreover, viral particles comprising any desired viral envelope 
protein other than the wild-type F protein in the envelope can be 
produced. Specifically, during reconstitution of the virus, the 

15 desired envelope protein may be expressed in cells to produce viral 
vectors comprising this envelope protein. There are no particular 
limitations to these proteins. A preferred example includes the G 
protein (VSV-G) of vesicular stomatitis virus (VSV) . The viral 
particles of the present invention comprise pseudotype viral vectors 

20 which comprise envelope proteins, such as the VSV-G protein, derived 
from viruses other than the virus from which the genomic RNA has been 
derived. As in the case with the wild-type F protein, this protein 
will not be expressed from the viral vector after infection of the 
viral particle into cells, since this envelope protein is not encoded 

25 on the genomic RNA of the virus. 

The viral particles of this invention may comprise chimeric 
proteins, for example, which comprise on the extracellular region, 
one or more proteins that can adhere to specific cells on the surface 
of the envelope, such as adhesion factors, ligands, receptors, and 

30 antibodies or fragments thereof, and polypeptides derived from the 
viral envelope in the intracellular region. This enables the 
production of vectors that infect specific tissues as targets. These 
can be provided in trans by intracellular expression during 
reconstitution of the viral vectors. Specific examples include 

35 fragments comprising the receptor binding domain of soluble factors 
such as cytokines, or antibody fragments against cell surface proteins 
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(WO 01/20989) . 

When preparing a vector having deficient viral genes, for 
example, two or more vector types, each of which has a different 
deficient viral gene in its viral genome, may be introduced into the 
same cells. Each deficient viral protein is then expressed and 
supplied by the other vector. This mutual complementation results 
in the formation of infective viral particles, and the viral vector 
can be amplified in the replication cycle. Namely, when two or more 
types of vector of the present invention are inoculated in combination 
to complement viral proteins, mixed viral gene-deficient viral 
vectors can be produced on a large scale and at a low cost. As these 
viruses lack viral genes, their genome is smaller than that of an 
intact virus, and they can thus comprise larger foreign genes. In 
addition, co-infect ivity is difficult to maintain in these viruses, 
which are non-propagat ive due to viral gene deficiency and- diluted 
outside of cells. Such vectors are thus sterile, which is 
advantageous from the viewpoint of controlling environmental release. 

Large amounts of a viral vector may be obtained by infecting 
the viral vector obtained by the above-described method into 
embryonated chicken eggs to amplify the vector. For example, M 
gene-transgenic chickens can be generated and the vectors may be 
inoculated to the chicken eggs for amplification. The basic method 
for producing viral vectors using chicken eggs has already been 
developed ( "Shinkei-kagaku Kenkyu-no Saisentan Protocol III, Bunshi 
Shinkei Saibou Seirigaku (Leading edge techniques protocol III in 
neuroscience research, Molecular, Cellular Neurophysiology)", 
edited by Nakanishi, et al . , KOSEISHA, Osaka, pp. 153-172, 1993). 
Specifically, for example, fertilized eggs are moved to an incubator 
and the embryo is grown under culture for nine to twelve days at 37 °C 
to 38°C. The viral vector is then inoculated into the allantoic 
membrane cavity, the egg is incubated for a few days to proliferate 
the viral vector. The allantoic fluid containing the virus is then 
collected. Conditions such as culture duration change according to 
the recombinant virus amplified. Separation and purification of the 
viral vector from the allantoic fluid is done according to 
conventional methods ("Protocols of Virology" by Masato Tashiro, 
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edited by Nagai and Ishihama, Medical View, pp. 68-73, 1995). 

The recovered virus vectors can be purified to substantial 
purity. Purification can be performed by known purification and 
separation methods including filtration, centrif ugation, column 
chromatographic purification, and such, or combinations thereof. 
The phrase "substantial purity" used herein means that the virus 
vectors, as components, are the main proportion of the sample in which 
they exist. Typically, substantially pure viral vectors can be 
detected by confirming that the ratio of virus-derived protein to 
total protein in the sample (except protein added as a carrier or 
stabilizer) is 10% or more, preferably 20% or more, more preferably 
50% or more, more preferably 70% or more, more preferably 80% or more, 
and even more preferably 90% or more. Specifically, paramyxoviruses 
can be purified, for example, by a method in which cellulose sulfate 
ester or crosslinked polysaccharide sulfate ester is used (JP-B No. 
Sho 62-30752; JP-B Sho 62-33879; JP-B Sho 62-30753) , a method in which 
adsorption to fucose sulf ate-containing polysaccharide and/or a 
decomposition product thereof is used (WO 97/32010), etc. 

The M gene-deficient vector whose F cleavage site is modified 
transmits the vector intracellularly , in the presence of a specific 
protease, by cell fusogenic infection alone. Therefore, the vector 
of this invention is useful in gene therapy targeting tissues 
expressing a certain protease. Normal vectors enable gene transfer 
into the surface layer of the target tissue; however, they are 
incapable of penetrating to the interior of the tissue. On the other 
hand, the vectors of this invention have the ability infiltrate deeply 
into target tissues having enhanced protease activity. For example, 
the vectors of this invention can be transmitted to the interior of 
cancer cells deeply infiltrated into normal tissues by infecting to 
a portion of vector-inf ectable cancer cells at the surface layer. 

The vectors of the present invention can be applied to cancer, 
arteriosclerosis, articular diseases such as rheumatoid arthritis 
(RA) , and the like. For example, in articular diseases such as RA, 
destruction of the higher order structure of the cartilage by 
extracellular matrix degradation proceeds as described above, and 
the joint is destroyed. By removing cells whose ECM degradation 
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enzyme activity is enhanced through the vector of this invention, 
articular destruction is expected to be diminished. Furthermore, in 
arteriosclerosis, accumulation of macrophage-derived foam cells 
proceeds. The foam cells secrete a large amount of metalloproteinase 
5 and, as a result, destroy the fibrous hyperplasia to cause plaque 
breakdown. By killing the macrophages that express MMP using the 
vectors of this invention, treatment of such arteriosclerosis is 
achieved. Moreover, as described below, various proteases are 
activated in cancer. The vectors of this invention are useful as 
10 therapeutic vectors that infect and infiltrate in a cancer-specific 
manner . 

To produce a composition comprising a vector of the present 
invention, the vector can be combined, as necessary, with a desired 
pharmaceutically acceptable carrier or solvent. A "pharmaceut ically 

15 acceptable carrier or solvent" refers to a material that can be 
administered along with the vector and that does not significantly 
inhibit gene transfer of that vector. For example, vectors can be 
formulated into compositions by appropriately diluting with 
physiological saline, phosphate-buff ered physiological saline (PBS), 

20 or such. When the vectors are propagated in chicken eggs or such, 
the composition may contain allantoic fluid. Furthermore, 
compositions comprising the vector may contain carriers or solvents 
such as deinonized water and 5% dextrose solution. In addition to 
these, the composition can contain vegetable oil, suspending agents, 

25 detergents, stabilizers, biocides, etc. Further, preservatives and 
other additives can be added to the composition. Compositions 
comprising the present vectors are useful as reagents and 
pharmaceuticals . 

Vector dosage depends on the type of disease, the patient's 

30 weight, age, sex and symptoms, the purpose of administration, the 
dosage form of the composition to be administered, the method for 
administration, type of gene to be introduced, etc. However, those 
skilled in the art can routinely determine the proper dosage. The 
administration dose of a vector is preferably within about 10 5 to 10 11 

35 ClU/ml, more preferably within about 10 7 to 10 9 ClU/ml, most preferably 
within about Ix 10 8 to 5x 10 8 ClU/ml. It is preferable to administer 



the vector mixed with pharmaceutically acceptable carriers. For 
administration to carcinoma tissues, vectors can be administered to 
multiple points in the target site so that they distribute uniformly. 
The preferred dose for each administration to a human individual is 
2x 10 9 to 2x 10 10 CIU. Administration can be carried out 'one or more 
times within the limits of clinically acceptable side effects. The 
frequency of daily administration can be similarly determined. When 
administering the viral vector to animals other than humans, for 
example, the dose to be administered can be determined by converting 
the above dose based on the weight ratio, or the volume ratio of the 
administration target sites (for example, an average value), between 
the target animals and humans. Compositions comprising the vectors 
of the present invention can be administered to all mammalian species 
including humans, monkeys, mice, rats, rabbits, sheep, cattle, dogs, 
etc . 

The vectors of this invention are particularly useful in 
treating cancer. Cells infected with the vectors of this invention 
form syncytia by cell fusion under the presence 'of a protease. 
Utilizing this characteristic, the vectors of this invention can be 
used for treating cancers with enhanced activity of a specific 
protease. The present invention provides therapeutic compositions 
for cancers which comprise pharmaceutically acceptable carriers and 
the vectors of this invention encoding an F protein that is cleaved 
by a protease showing enhanced activity in cancers. Furthermore, the 
present invention relates to the use of the vectors in producing 
therapeutic compositions for cancer. The present invention further 
provides methods for treating cancer which comprise the step of 
administering such vectors to cancer tissues. Since the activity of 
ECM degradation enzyme is enhanced in infiltrating and metastatic 
malignant cancers, a vector comprising the gene of an F protein that 
is cleaved by ECM degradation enzyme can be used for specific infection 
to malignant cancers to cause death of the cancer tissues. 

A vector of the present invention can further comprise foreign 
genes. The foreign gene may be a marker gene for monitoring infection 
by the vector or a therapeutic gene for cancer. Examples of 
therapeutic genes include cell-inducible genes for apoptosis and 



such; genes encoding cytotoxic proteins; cytokines; and hormones. 
The administration of the vectors of this invention to cancers can 
be direct (in vivo) administration to cancers or indirect (ex vivo) 
administration, wherein the vector is introduced into patient-derived 
cells or other cells, and the cells are then injected to cancers. 

The targeted cancer may be any cancer in which the activity of 
a specific protease is enhanced. Examples include most invasive and 
metastatic malignant tumors (lung cancer, gastric cancer, colon 
cancer, esophageal cancer, breast cancer, and such) . However, 
proteases such as MMP, uPA, and tPA are expressed at low levels in 
some malignant cancers. Therefore, whether the cancer can be 
targeted is judged according to presence or absence of enhanced 
protease activity. The vectors of this invention are particularly 
useful for application to a cancer that has infiltrated to the 
submucosal layer in esophageal cancer, colon cancer progressed in 
the intrinsic sphincter to stage III and IV cancer, and invasive 
melanoma deeply infiltrated so that it cannot be completely removed 
by surgery. 

Brief Description of the Drawings 

Fig. 1 is a schematic representation of the construction of an 
F-def icient SeV genome cDNA in which a temperature-sensitive mutation 
has been introduced into the M gene. 

Fig. 2 depicts the structures of viral genes constructed to 
suppress secondary particle release based on temperature-sensitive 
mutations introduced into the M gene, and viral genes constructed 
or used to test and compare the effects of these introduced mutations. 

Fig. 3 provides microscopic images representing GFP expression 
in cells (LLC-MK2/F7/A) persistently expressing F protein, which were 
cultured at 32°C and 37°C, respectively, for six days after infection 

with SeV18+/AF-GFP or SeV18+/Mt sHNtsAF-GFP . 

Fig. 4 is a picture representing the result of semi-quantitative 
determination, over time and using Western blotting, of F protein 
expression levels in cells (LLC-MK2/F7/A) persistently expressing 
SeV-F protein, which were cultured in trypsin-f ree, serum-free MEM 
at 32°C or 37°C. 



67 



Fig. 5 provides microscopic images representing GFP expression 
in LLC-MK2 cells which were cultured at 32°C, 37°C or 38°C for three 
days after infection with SeV18+GFP, SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at MOI= 3. 
5 Fig. 6 depicts hemagglutination activity (HA activity) in the 

culture supernatant, which was sampled ov£r time (supplemented with 
fresh medium at the same time), of LLC-MK2 cells cultured at 32°C, 
37°C or 38°C after infection with SeV18+GFP, SeV18+/AF-GFP or 
SeVl8+/MtsHNtsAF-GFP at MOI= 3. 

10 Fig. 7 provides pictures representing the ratio of M protein 

level in cells to that in virus-like particles (VLPs). This ratio 
was determined by Western blotting using an anti-M antibody. The 
culture supernatant and cells were recovered from a LLC-MK2 cell 
culture incubated at 37 °C for two days after infection with SeV18+GFP, 

15 SeV18 + /AF-GFP or SeV18 + /MtsHNtsAF-GFP at MOI= 3. Each lane contained 
the equivalent of 1/10 of the content of one well from a 6-well plate 
culture . 

Fig. 8 depicts SEAP activity in the culture supernatant of 
LLC-MK2 cells cultured for 12, 18, 24, 50, or 120 hours after infection 
20 with SeV18+SEAP/AF-GFP or SeV18+SEAP/Mt sHNt sAF-GFP at MOI= 3. 

Fig. 9 depicts HA activity in the culture supernatant of LLC-MK2 
cells cultured for 24, 50, or 120 hours after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. 

Fig. 10 is a picture representing the quantity of VLPs 
25 determined by Western blotting using an anti-M antibody. LLC-MK2 
cells were cultured for five days after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. The 
culture supernatant was centrifuged to recover the viruses. Each 
lane contained the equivalent of 1/10 of the content of one well from 
30 a 6-well plate culture. 

Fig. 11 depicts cytotoxicity estimates based on the quantity 
of LDH released into the cell culture medium. LLC-MK2, BEAS-2B or 
CV-1 cells were infected with SeV18+GFP, SeV18+/AF-GFP or 
SeV18 + /MtsHNtsAF-GFP at MOI= 0. 01, 0.03, 0.1, 0.3, 1, 3, or 10. Cells 
35 were cultured in a serum-free or 10% FBS-containing medium, and the 
cytotoxicity assay was carried out three or six days after infection, 
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respectively. The relative cytotoxicity values of cells are 
represented, considering the cytotoxicity of equal numbers of cells, 
100% of which are lysed by cell denaturant (Triton), as 100%. 

Fig. 12 provides pictures representing the subcellular 
5 localization of the M protein in LLC-MK2 cells cultured at 32°C, 37°C 
or 38°C for two days after infection with SeV18+GFP, SeV18+/AF-GFP 
or SeV18+/MtsHNtsA-F-GFP at MOI= 1, which was observed by 
immunostaining using an anti-M antibody. 

Fig.. 13 provides stereo three-dimensional images for the 

10 subcellular localization of the M and HN proteins observed under a 
confocal laser microscope. A-10 cells were infected with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNt sAF-GFP at MOI= 1, and then 
cultured in medium containing 10% serum at 32°C or 37°C for one day. 
These images were obtained by immunostaining using an anti-M antibody 

15 and anti-HN antibody. 

Fig. 14 provides stereo three-dimensional images for the 
subcellular localization of the M and HN proteins observed under a 
confocal laser microscope. A-10 cells were infected with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/Mt sHNt sAF-GFP at MOI= 1, and then 

20 cultured in medium containing 10% serum at 32°C or 37°C for two days. 
These images were obtained by immunostaining using an anti-M antibody 
and anti-HN antibody. 

Fig. 15 provides pictures representing the effects of a 
microtubule depolymerization reagent on the subcellular localization 

25 of the M and HN proteins. A-10 cells were infected with 
SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and a microtubule 
depolymerization reagent, colchicine or colcemid, was immediately 
added to these cells at a final concentration of 1 |aM. The cells were 
cultured in medium containing 10% serum at 32°C. After two days, the 

30 cells were immunostained with an anti-M antibody and anti-HN antibody 
and then observed under a confocal laser microscope. These 
photographs show stereo three-dimensional images of the subcellular 
localization of the M and HN proteins. 

Fig. 16 provides pictures representing the effects of a 

35 microtubule depolymerization reagent on the subcellular localization 
of the M and HN proteins. A-10 cells were infected with SeVl8 + /AF-GFP 
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or SeV18+ /MtsHNtsAF-GFP at MOI = 1, and a microtubule depolymerization 
reagent, colchicine, was immediately added to the cells at a final 
concentration of 1 jiM. The cells were cultured in medium containing 
10% serum at 32°C or 37°C. After two days, these cells were 
5 immunostained with anti-M antibody and anti-HN antibody, and then 
observed under a confocal laser microscope. These photographs show 
stereo three-dimensional images for the subcellular localization of 
the M and HN proteins. 

Fig. 17 is a schematic representation of the construction of 
10 an M-def icient SeV genome cDNA comprising the EGFP gene. 

Fig. 18 is a schematic representation of the construction of 
an F- and M-deficient SeV genome cDNA. 

Fig. 19 depicts the structures of the constructed F- and/or 
M-deficient SeV genes. 
15 Fig. 20 is a schematic representation of the construction of 

an M gene-expressing plasmid comprising the hygromycin-resistance 
gene . 

Fig. 21 provides pictures representing a semi-quantitative 
comparison, by Western blotting, of the expression levels of the M 
20 and F proteins in cloned cells inducibly expressing * the cloned M 
protein (and F protein) ; following infection with a recombinant 
adenovirus (AcCANCre) that expresses Cre DNA recombinase. 

Fig. 22 provides pictures representing the viral reconstitution 
of an M-def icient SeV ( SeV18+/AM-GFP) with helper cell (LLC-MK2/F7/M) 
25 clones #18 and #62. 

Fig. 23 depicts the viral productivity of SeV18+/AM-GFP (CIU 
and HAU time courses) . 

Fig. 24 provides pictures and an illustration representing the 
results of RT-PCR confirming gene structure in SeV18+/AM-GFP virions. 
30 Fig. 25 provides pictures representing the result of a 

comparison of SeV18+/AM-GFP with SeV18+GFP and SeV18+/AF-GFP, where, 
after infection of LLC-MK2 cells, Western blotting was carried out 
on the viral proteins from these cells and cell cultures to confirm 
the viral structure of SeV18+/AM-GFP from a protein viewpoint. 
35 Fig. 26 provides pictures representing a quantitative 

comparison of virus-derived proteins in the culture supernatant of 
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LLC-MK2 cells infected with SeV18+/AM-GFP and SeV18 + /AF-GFP (a series 
of dilutions were prepared and assayed using Western blotting) . 
Anti-SeV antibody was used. 

Fig. 27 depicts HA activity in the culture supernatant, 
5 collected over time, of LLC-MK2 cells infected with SeV18+/AM-GFP 
or SeV18+/AF-GFP at MOI= 3. 

Fig. 28 provides fluorescence microscopic images obtained five 
days after LLC-MK2 cells were infected with SeV18+/AM-GFP or 
SeV18+/AF-GFP at MOI= 3. 
10 Fig. 29 provides fluorescence microscopic images of LLC-MK2 

cells prepared as follows: LLC-MK2 cells were infected with 
SeV18 + /AM-GFP or SeV18+/AF-GFP at MOI= 3, and then five days after 
infection the culture supernatant was recovered and transfected into 
LLC-MK2 cells using a cationic liposome (Dosper) . Microscopic 
15 observation was carried out after two days. 

Fig. 30 depicts the design of the amino acid sequences at the 
F1/F2 cleavage sites (activation sites of the F protein) . The 
recognition sequences of proteases (MMP or uPA) highly expressed in 
cancer cells were designed based on those of the synthetic substrates. 
20 From the top, the sequences of SEQ ID NOs : 40 to 44 are shown. 

Fig. 31 is a schematic representation of the construction of 
an M-deficient SeV vector cDNA in which the activation site of F is 
modified . 

Fig. 32 provides pictures representing protease-dependent cell 
25 fusogenic infection by F-modified, M-deficient Sendai viral vectors. 
By using LLC-MK2, it was confirmed that modification of F causes cell 
fusogenic infection in a protease-dependent manner. Each of the 
M-deficient SeVs (SeV/AM-GFP (A, B, C, J, K, and L) , 
SeV/F (MMP#2 ) AM-GFP (D, E, F, M, N, and O) , and SeV/F (uPA) AM-GFP (G, 
30 H, I, P, 0, and R) ) was infected to cells with simultaneous addition 
of 0.1 p,g/ml collagenase (Clostridium) (B, E, and H) , MMP-2 (C, F, 
and I) , MMP-9 (J, M, and P) , uPA (K, N, and Q) , and 7 . 5 ng/ml trypsin 
(L, Q, and R) . Four days later, the cells were observed under a 
fluorescent microscope. Only in LLC-MK2 added with trypsin, 
35 SeV/AM-GFP comprising unmodified F caused cell fusion of infected 
cells with surrounding cells, resulting in cell fusogenic infection 
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to form multinuclear cells, syncytia (L) . In LLC-MK2 to which 
collagenase, MMP-2, and MMP-9 were added, SeV/F (MMP#2 ) AM-GFP 
comprising an MMP degradation sequence introduced in F caused cell 
fusogenic infection to form syncytia (E, F, and M) . On the other hand, 
5 SeV/ (uPA) AM-GFP comprising urokinase-type plasminogen activator 
(u.PA) and tissue-type PA (tPA) degradation sequences introduced in 
F was observed to cause cell fusogenic infection under the presence 
of trypsin, and by further modification, formation of syncytia was 
observed under the presence of uPA (Q and R) . 

10 Fig. 33 provides pictures representing protease-dependent cell 

fusogenic infection of cancer cells by F-modif ied, M-def icient Sendai 
viral vectors. Experiments were performed to test whether endogenous 
protease-selective cell fusogenic infection can be observed. The 
following cells were used: HT1080, an MMP-expressing cancer cell 

15 strain (A, D, and G) ; MKN28, a t PA-expressing strain (B, E, and H) ; 
and SW620, cell strain expressing neither of these proteases (C, F, 
and I) . In HT1080, the infection spread only with SeV/F (MMP#2 ) AM-GFP 
ten times or more (D) . In t PA-expressing strain MKN28, cell fusogenic 
infection was observed to spread only with SeV/F (uPA) AM-GFP . In 

20 SW620 expressing neither of these proteases, no spread of infection 
could be observed. 

Fig. 34 provides pictures representing MMP induction by phorbol 
ester and induction of cell fusogenic infection by an F-modified, 
M-deficient Sendai viral vector. The expression of MMP-2 and MMP-9 

25 was confirmed by gelatin zymography in which the portion where 
gelatinolytic activity exists becomes clear (A) . Lane C represents 
the control. Lane T shows the result wherein the supernatant obtained 
after induction with 20 nM PMA was used. A band corresponding to MMP-9 
was observed in HT1080 and Pane I, proving induction of MMP-9. 

30 Regarding MMP-2, latent MMP-2 having hardly any activity is detected 
in Pane I before induction. As indicated in Fig. 34B, 

SeV/F(MMP#2) AM-GFP displayed cell fusogenic infection due to MMP-9 
induction . 

Fig. 35 provides pictures representing cell fusogenic infection 
35 of an F-modified, M-deficient Sendai viral vector in vivo. HT1080 
carcinoma-bearing nude mice were prepared. Among them, animals 



having carcinoma with a diameter of more than 3 mm, seven to nine 
days after subcutaneous injection were used. A fifty |iL dose of SeV 
was injected once into the animals. Two days later, the carcinoma 
was observed under a fluorescent microscope. Panels A, D, G, and J 
are bright field images; B, E, H, and K are the corresponding 
fluorescent images of GFP; and C, F, I, and L are their enlarged images. 
Fluorescence was observed only in the region surrounding the site 
to which SeV-GFP and SeV/AM-GFP, respectively, had been injected 
(panels E and H) . In contrast, injection of SeV/F (MMP#2 ) AM-GFP was 
observed to spread the fluorescence throughout the entire cancer 
(panel K) . In the enlarged images, fluorescence in each of the cells, 
can be confirmed for SeV-GFP and SeV/AM-GFP; however, the shapes of 
the cells were unclear for SeV/F (MMP#2 ) AM-GFP which suggests 
occurrence of cell fusion. 

Fig. 36 depicts cell fusogenic infection of an F-modified, 
M-deficient Sendai viral vector In vivo. The percentages of GFP to 
the entire cancer in the pictures of Fig. 35 were measured from their 
areas using NIH image. As a result, SeV-GFP and SeV/AM-GFP showed 
10% and 20% infections, respectively; whereas SeV/F (MMP#2 ) AM-GFP 
showed 90% infection, suggesting obvious spreading of infection. 

Fig. 37 depicts the antitumor effects of F-modified, 
M-deficient SeV vectors in carcinoma-bearing nude mice. The volume 
of the carcinoma of the mice assayed in Fig. 35 was measured. Four 
groups of SeVs were injected into carcinomas with a diameter of 3 
mm or more. Reinjection was performed two days later, and the size 
of the carcinoma was measured. Carcinomas to which PBS, SeV-GFP, and 
SeV/AM-GFP were injected showed rapid growth. In contrast, those 
injected with SeV/F (MMP#2 ) AM-GFP demonstrated in the assays of Fig. 
36 to spread throughout the entire carcinoma clearly did not 
proliferate and remained small. Significant antitumor effects as 
compared to the other three groups was observed at P< 0.05 according 
to the t-test . 

Fig. 38 provides pictures representing protease 
expression-selective infection of an F-uncleaved, F-modified, 
M-deficient SeV vector to cancer cells. The possibility of selective 
infection by protease expression was examined in MMP-expressing 
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HT1080 strain, tPA-expressing MKN28 strain, and SW620 that hardly 
expresses proteases. Infection by SeV/F (MMP#2 ) AM-GFP was observed 
in MMP-expressing HT1080 strain, but not in t PA-expressing MKN28 
strain. Infection by SeV/F (uPA) AM-GFP was observed in 

5 tPA-expressing MKN28 strain, but in MMP-expressing HT1080 strain. 

Fig. 39 provides pictures representing the acquisition of 
infection ability via the F-uncleaved, F-modif ied, M-deficient SeV 
vector due to MMP-3 and MMP-7 induction by fibroblasts. Changes in 
the infectivity of the F-modified, M-deficient SeV vector due to MMP 

10 induction by fibroblasts in vitro was examined using SW480 and WiDr. 
Co-culturing human fibroblasts (hFB) with SW480 and WiDr caused 
infection of SeV/F (MMP#2 ) AM-GFP (B and D) . Such phenomenon was not 
observed in SW620 where induction did not take place (F) . 

Fig. 40 provides pictures representing MMP-selective infection 

15 of an F-modified, M-deficient SeV vector to human aortic smooth muscle 
cells. Infection of SeV/AM-GFP proceeds only by the addition of 
trypsin. In contrast, the infection of SeV/F (MMP#2 ) AM-GFP proceeds 
with collagenase, MMP-2, MMP-3, and MMP-9. 

Fig. 41 provides pictures representing the cleavage of the 

20 protease-dependent F protein within the F-modified, M-deficient SeV 
vector. The protease-dependent cleavage of F0 of Sendai virus to Fl 
was confirmed by Western blotting. An M-deficient SeV vector 
comprising unmodified F (shown in lanes 1, 4, 7, and 10), an 
M-deficient SeV vector with insertion of an MMP#2 sequence into F 

25 (shown in lanes 2, 5, 8, and 11) , and an M-deficient SeV vector with 
insertion of a uPA sequence into F (shown in lanes 3, 6, 9, and 12) 
were treated with above-described proteases (untreated (lanes 1, 2, 
and 3); 0.1 ng/mL MMP-9 (lanes 4, 5, and 6); 0.1 ng/mL uPA (lanes 
7, 8, and 9); and 7.5 \xq/mL trypsin (lanes 10, 11, and 12)) at 37°C 

30 for 30 minutes. As a result, Fl cleavage occurred depending on the 
inserted protease substrates. Namely, trypsin cleaved the F protein 
of the F-unmodified M-deficient SeV vector, MMP-9 cleaved that of 
the M-deficient SeV vector having the MMP#2 sequence inserted into 
the F protein, and uPA cleaved that of the M-deficient SeV vector 

35 having the uPA sequence inserted into the F protein. 

Fig. 42 depicts the production of cytoplasmic domain deletion 
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mutants of F, and compares their fusogenicity through simultaneous 
expression with HN . Fig. 42A is a schematic representation of the 
construction of the cytoplasmic domain deletion mutants of Sendai 
viral F protein. From the top, SEQIDNOs: 76 to 79. Fig. 42B depicts 
5 the production of cytoplasmic domain deletion mutants of the F protein 
and the comparison of fusogenicity due to simultaneous expression 
with HN . Each of the cytoplasmic domain deletion mutants of Sendai 
viral F protein and HN were expressed simultaneously in LLC-MK2 cells 
added with 7.5 |ag/mL trypsin. Four days later, nuclear staining was 

10 performed with hematoxylin, and the number of nuclei that underwent 
syncytium formation was counted. 

Fig. 43 depicts the drastic increase of fusogenicity resulting 
from the F/HN chimeric protein. Fig. 43A shows the -structure of the 
F/HN chimeric protein. The linker sequence is described in SEQ ID 

15 NO: 80. Fig. 4 3B shows the increased fusogenicity of the F/HN chimeric 
protein by the insertion of a linker. Each of the Sendai viral F/HN 
chimeric proteins' and HN were expressed simultaneously in LLC-MK2 
cells added with 7.5 |ag/mL trypsin. 

Fig. 44 provides a schematic representation and pictures 

20 depicting the outline of the MMP substrate sequence insertion into 
the F cleavage site of the F/HN chimeric proteins. Fig. 44A is a 
schematic representation of the construction of F-modified F/HN 
chimeric proteins inserted with MMP substrate sequences. From the 
top, SEQ ID NOs: 81 to 89. Fig. 44B depicts the syncytium formation 

25 due to the expression of F-modified F/HN in MMP-expressing HT1080 
cells . 

Fig. 45 depicts the modification of the F peptide (fusion 
peptide) and its concentration-dependent effect on syncytium 
formation. Fig. 45A is a schematic representation of the 
30 construction of modified fusion peptides. From the top, SEQ ID NOs: 
90 to 93. 

Fig. 45B depicts the fusogenicity of MMP#2, MMP#6, and MMP#6G12A 
relative to the concentration of added collagenase (Clostridium) . 

Fig. 4 6 depicts the genomic structure of the improved F-modified 
35 M-deficient Sendai viruses. 

Fig. 47 provides pictures representing the spreading of the 
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improved F-modif ied, M-def icient Sendai viruses in cancer with low 
expression levels of MMP. The spread of cell fusion 2 days after 
infection of the improved F-modified M-def icient Sendai viruses are 
shown . 

5 Fig. 48 is a picture representing MMP-2 and MMP-9 expression 

in cancer cell lines. Gelatin zymography of the supernatants of the 
cancer cell lines is shown. 

Fig. 49 depicts the spreading of the improved F-modified 
M-deficient Sendai viruses in tumors with low expression levels of 
10 MMP. Comparison of the number of syncytia per 0.3 cm 2 two days after 
infection is indicated. "AM" denotes SeV18+/AM-GFP, "#2" denotes 
SeV18 + /F (MMP#-2 ) AM-GFP, "#6" denotes SeV/F (MMP#6) AM-GFP, "#6ctl4" 
denotes SeV (TDK) /Fct 14 (MMP#6) AM-GFP, and "F/HN chimera" denotes 
' SeV (TDK) /Fct 14 (MMP#6) /Linker /HNAM-GFP . 

15 

Best Mode for Carrying Out the Invention 

Herein below, the present invention is specifically described 
using Examples; however, it is not to be construed as being limited 
thereto. All references cited herein are incorporated by reference 
20 herein as a part of . this description. 

1. Construction of SeV vectors with decreased or defective particle 
forming ability 

[Example 1] Construction of a temperature-sensitive mutant SeV genome 
cDNA: 

An SeV genome cDNA in which temperature-sensitive mutations 
were introduced in M gene was constructed. Fig. 1, which shows a 
scheme that represents the construction of the cDNA, is described 
as follows. An F-def icient full-length Sendai viral genome cDNA 
containing the EGFP gene at the F deletion site (pSeV18 + /AF-GFP : Li, 
H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070) was 
digested with Nael . The M gene-containing fragment (4922 bp) was 
separated using agarose electrophoresis. After cutting the band of 
interest out, the DNA was recovered by QIAEXII Gel Extraction System 
(QIAGEN, Bothell, WA) and subcloned into pBluescript II (Stratagene, 
La Jolla, CA) at the EcoRV site (pBlueNaelf rg-AFGFP construction) . 
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Introduction of temperature-sensitive mutations into the M gene of 
pBlueNaelf rg-AFGFP was achieved using a QuikChange™ Site-Directed 
Mutagenesis Kit (Stratagene, La Jolla, CA) , according to the kit 
method. The three types of mutation introduced into the M gene were 
5 G69E, T116A and A183S, based on the sequence of the CI. 151 strain 
reported by Kondo et al. (Kondb, T. et al., J. Biol. Chem. 268, 
21924-21930, 1993) . The sequences of the synthetic oligonucleotides 
used to introduce the mutations were as follows: 

G69E ( 5 ' -gaaacaaacaaccaatctagagagcgtatctgacttgac-3 1 /SEQ ID NO: 11, 

10 5 1 -gtcaagtcagatacgctctctagattggttgtttgtttc-3 1 /SEQ ID NO: 12), 

T116A ( 5 1 -attacggtgaggagggctgttcgagcaggag-3 1 /SEQ ID NO: 13, 
5 ' -ctcctgctcgaacagccctcctcaccgtaat-3 ! /SEQ ID NO: 14) and 
A183S ( 5 1 -ggggcaatcaccatatccaagatcccaaagacc-3 ' /SEQ ID NO: 15, 
5 1 -ggtctttgggatcttggatatggtgattgcccc-3 1 /SEQ ID NO: 16). 

15 The plasmid pBlueNaelf rg-AFGFP, whose M gene contains the three 

mutations, was digested with Sail and then partially digested with 
ApaLI . The fragment containing the entire M gene was then recovered 
(2644 bp) . pSeV18 + /AF-GFP was digested with ApaLI/Nhel, and the HN 
gene-containing fragment (6287 bp) was recovered. The two fragments 

20 were subcloned into Litmus38 (New England Biolabs, Beverly, MA) at 
the Sall/Nhel site (LitmusSall /Nhel f rg-Mt sAFGFP construction) . 
Temperature-sensitive mutations were introduced into the 
LitmusSall/Nhelf rg-MtsAFGFP HN gene in the same way as for the 
introduction of mutations into the M gene, by using a QuikChange™ 

25 Site-Directed Mutagenesis Kit according to the kit method. The three 
mutations introduced into the HN gene were A262T, G264R and K4 61G, 
based on the sequence of ts271 strain reported by Thompson et al. 
(Thompson, S.D. et al., Virology 160, 1-8, 1987). The sequences of 
the synthetic oligonucleotides used to introduce the mutations were 

30 as follows: 

A262T/G264R (5 ' -catgctctgtggtgacaacccggactaggggttatca-3 ' /SEQ ID 
NO: 17, 5 1 -tgataacccctagtccgggttgtcaccacagagcatg-3 1 /SEQ ID NO: 18), 
and 

K461G (5 ' -cttgtctagaccaggaaatgaagagtgcaattggtacaata-3 ' /SEQ ID NO: 
35 19, 5 1 -tattgtaccaattgcactcttcatttcctggtctagacaag-3 ' /SEQ ID NO: 20). 

While the mutations were introduced into the M and HN genes in 
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separate vectors, it is also possible to introduce all of the mutations 
into both M and HN genes by using a plasmid (LitmusSall/Nhelf rg-AFGFP) 
obtained by subcloning, at the SalX/Nhel site of Litmus38, a fragment 
containing the M and HN genes (8931 bp) , provided by digesting 
5 pSeV18+/AF-GFP with Sall/Nhel . Successive introduction of mutations 
resulted in the introduction of six temperature-sensitive mutations 
in total; three mutations in the M gene, and three mutations in the 
HN gene (LitmusSall/Nhelf rg-MtsHNt sAFGFP construction) . 

LitmusSall/Nhelf rg-MtsHNtsAFGFP was digested with Sall/Nhel 

10 and an 8931 bp fragment was recovered. Another fragment (8294 bp) , 
lacking the M and HN genes and such, was recovered on digestion of 
pSeV18 + /AF-GFP with Sall/Nhel . Both fragments were ligated together 
to construct the F-deficient full-length Sendai virus genome cDNA 
(pSeV18+/MtsHNtsAF-GFP) comprising the six temperature-sensitive 

15 mutations in the M and HN genes, and the EGFP gene at the site of 
the F deletion (Fig. 2) . 

Further, to quantify the expression level of genes in the 
plasmid, a cDNA containing the secretory alkaline phosphatase (SEAP) 
gene was also constructed. Specifically, Notl was used to cut out 

20 an SEAP fragment (1638 bp) comprising the termination 
signal-intervening sequence-initiation signal downstream of the SEAP 
gene (WO 00/70070) . This fragment was recovered and purified 
following electrophoresis. The fragment was then inserted into 
pSeV18 + /AF-GFP and pSeV18+/MtsHNtsAF-GFP at their respective' AfotI 

25 sites. The resulting plasmids were named pSeV18+SEAP/AF-GFP and 
pSeV18+SEAP/MtsHNtsAF-GFP, respectively (Fig. 2) . 

[Example 2] Reconstitut ion and amplification of virus introduced with 
temperature-sensitive mutations : 

30 Viral reconstitution was performed according to the procedure 

reported by Li et al. (Li, H.-O. et al., J. Virology 74, 6564-6569, 
2000; WO 00/70070) . F protein helper cells, prepared using an 
inducible Cre/loxP expression system, were utilized to reconstitute 
F-deficient viruses. The system uses a pCALNdLw plasmid, designed 

35 for Cre DNA recombinase-mediated inducible gene product expression 
(Arai, T. et al., J. Virol. 72, 1115-1121, 1988). In this system, 
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the inserted gene is expressed in a transformant carrying this plasmid 
using the method of Saito et al. to infect the transformant with a 
recombinant adenovirus (AxCANCre) expressing Cre DNA recombinase 
(Saito, I. et al., Nucleic Acids Res. 23, 3816-3821, 1995 ; Arai, 
5 T. et al., J. Virol. 72, 1115-1121, 1998). In the case of the SeV-F 
protein, the transformed cells comprising the F gene are herein 
referred to as LLC-MK2/F7, and cells persistently expressing the F 
protein after induction by AxCANCre are herein referred to as 
LLC-MK2/F7/A. 

10 Reconstitution of the virus comprising the 

temperature-sensitive mutations was carried out as follows: LLC-MK2 
cells were plated onto a 100-mm dish at 5x 10 6 cells/dish, and then 
cultured for 24 hours. T7 polymerase-expressing recombinant 
vaccinia virus, which had been treated with psoralen and 

15 long-wavelength ultraviolet light (365 nm) for 20 minutes 
(PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. Acad. Sci . USA 83, 
8122-8126, 1986), was infected (MOI= 2) to these cells at room 
temperature for one hour. The cells were washed with serum-free MEM. 
Plasmids, pSeV18+/Mt sHNtsAF-GFP, pGEM/NP, pGEM/P, pGEM/L and 

20 pGEM/F-HN (Kato, A. et al., Genes Cells 1, 569-579, 1996), were 
suspended in Opti-MEM (Gibco-BRL, Rockville, MD) at amounts of 12 
\xq, 4 \ig, 2 |Ltg, 4 |ng and 4 jag/dish, respectively. SuperFect 
transfection reagent (Qiagen, Bothell, WA) corresponding to 1 jag DNA/5 
jal was added and mixed. The resulting mixture was allowed to stand 

25 at room temperature for 15 minutes, and then added to 3 ml of Opti-MEM 
containing 3% FBS . This mixture was added to the cells. After being 
cultured for five hours, the cells were washed twice with serum-free 
MEM, and cultured in MEM containing 40 |xg/ml cytosine 
p-D-arabinof uranoside (AraC: Sigma, St. Louis, MO) and 7.5 j^g/ml 

30 trypsin (Gibco-BRL, Rockville, MD) . After 24 hours of culture, cells 
persistently expressing the F protein (LLC-MK2/F7/A: Li, H.-O. et 
al., J. Virology 74, 6564-6569, 2000; WO 00/70070) were overlaid at 
8 . 5x 10 6 cells/dish. These cells were further cultured in MEM 
containing 40 |ag/mL AraC and 7.5 |Lig/mL trypsin at 37 °C for two days 

35 (P0) . The cells were harvested and the pellet was suspended in 2 ml 
Opti-MEM per dish. Freeze-and-thaw treatment was repeated three 
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times, and the lysate was directly transfected into LLC-MK2/F7/A. 
The cells were cultured in serum-free MEM containing 40 jag/mL AraC 
and 7.5 jag/mL trypsin at 32 °C (PI) . After five to seven days, part 
of the culture supernatant was infected into freshly prepared 
5 LLC-MK2/F7/A, and the cells were cultured in same serum-free MEM 
containing 40 jag/mL AraC and 7.5 |ag/mL trypsin at 32°C (P2) . After 
three to five days , freshly prepared LLC-MK2/F7/A were infected again, 
and the cells were cultured in serum-free MEM containing only 7.5 
Hg/mL trypsin at 32°C for three to five days (P3) . BSA was added to 

10 the recovered culture supernatant at a final concentration of 1%, 
and the mixture was stored at -80°C. The viral solution stored was 
thawed and used in subsequent experiments. 

The titers of viral solutions prepared by this method were as 
follows: SeV18+/AF-GFP, 3x 10 8 ; SeV18+/MtsHNt sAF-GFP, 7x 10 7 ; 

15 SeV18+SEAP/AF-GFP, 1.8x 10 8 ; SeV18 + SEAP/MtsHNtsAF-GFP, 8 . 9x 10 7 
GFP-CIU/mL (GFP-CIU has been defined in WO 00/70070) . On the other 
hand, for vectors comprising GFP, CIU determined by direct detection 
of GFP is defined as GFP-CIU. GFP-CIU values , are confirmed to be 
substantially identical to corresponding CIU values (WO 00/70070) . 

20 In determining SeV18+/AF-GFP and SeVl 8+/Mt sHNt sAF-GFP titers, the 
post-infection spread of plaques of cells persistently expressing 
F protein (LLC-MK2/F7/A) was observed at 32°C and 37°C. Fig. 3 shows 
photographs of patterns observed six days after infection. 
SeV18+/MtsHNtsAF-GFP plaques spread to some extent at 32°C, but were 

25 greatly reduced at 37°C. This suggests that virion formation is 
reduced at 37°C. 

[Example 3] Effect of culture temperature (32°C) on viral 
reconstitution : 

30 In the experimental reconstitution of viruses in which 

temperature-sensitive mutations were introduced (Example 2), PI and 
all subsequent cultures were carried out at 32°C. This temperature 
was used because the reference virus, used for assessing the 
introduction of temperature-sensitive mutations, grows well at 32°C 

35 (Kondo, T. et al, f J. Biol. Chem. 268, 21924-21930, 1993; Thompson, 
S.D. et al., Virology 160, 1-8, 1987). Close examination of the 
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experimental conditions revealed that, for SeV reconst itution (and 
for other viruses in addition to those in which temperature-sensitive 
mutations had been introduced) , reconst itution efficiency was 
improved by carrying out PI and subsequent cultures at 32 °C, giving 
a high possibility of recovering viruses that were previously 
difficult to obtain. 

There are thought to be two reasons for enhanced reconstitution 
efficiency at 32°C. The first point is that, when cultured at 32°C 
as opposed to 37 °C, cytotoxicity due to AraC, which is supplemented 
to inhibit vaccinia virus amplification, is thought to be suppressed. 
Under conditions for viral reconstitution, culturing LLC-MK2 /F7 /A 
cells at 37 °C, in serum-free MEM containing 40 jig/ml AraC and 7.5 
|ag/ml trypsin, caused cell damage after three to four days, including 
an increase in detached cells. However, cultures at 32 °C could be 
sufficiently continued for seven to ten days with cells still intact. 
When reconstituting SeV with inefficient transcription and/or 
replication, or with inefficient formation of infectious virions, 
success is thought to be a direct reflection of culture duration. 
The second point is that F protein expression is maintained in 
LLC-MK2/F7/A cells when the cells are cultured at 32°C. After 
culturing LLC-MK2/F7/A cells that continuously express F protein to 
confluency on 6-well culture plates in MEM containing 10% FBS and 
at 37 °C, the medium was replaced with a serum-free MEM containing 
7.5 |ng/ml trypsin, and the cells were further cultured at 32°C or 
37 °C. Cells were recovered over time using a cell scraper, and Western 
blotting using an anti-F protein antibody (mouse monoclonal) was used 
to semi-quantitatively analyze intra-cellular F protein. F protein 
expression was maintained for two days at 37 °C, and then decreased. 
However, at 32°C expression was maintained for at least eight days 
(Fig. 4) . These results confirm the validity of viral reconstitution 
at 32°C (after PI stage) . 

The above-described Western blotting was carried out using the 
following method: Cells recovered from one well of a 6-well plate 
were stored at -80°C, then thawed in 100 |al of lx diluted sample buffer 
for SDS-PAGE (Red Loading Buffer Pack; New England Biolabs, Beverly, 
MA) . Samples were then heated at 98 °C for ten minutes, centrifuged, 
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and a 10-|J.l aliquot of the supernatant was loaded on to SDS-PAGE gel 
(multigel 10/20; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). 
After electrophoresis at 15 mA for 2.5 hours, proteins were 
transferred onto a PVDF membrane (Immobilon PVDF transfer membrane; 
Millipore, Bedford, MA) using semi-dry method at 100 mA for one hour. 
The transfer membrane was immersed in a blocking solution (Block Ace; 
Snow Brand Milk Products Co., Ltd., Sapporo, Japan) at 4°C for one 
hour or more, soaked in a primary antibody solution containing 10% 
Block Ace supplemented with 1/1000 volume of the anti-F protein 
antibody, and then allowed to stand at 4°C overnight. After washing 
three times with TBS containing 0.05% Tween 20 (TBST) , and a further 
three times with TBS, the membrane was immersed in a secondary antibody 
solution containing 10% Block Ace supplemented with 1/5000 volume 
of the anti-mouse IgG + IgM antibody bound with HRP (Goat F(ab')2 
Anti-Mouse IgG + IgM, HRP; BioSource Int., Camarillo, CA) . Samples 
were then stirred at room temperature for one hour. The membrane was 
washed three times with TBST, and three times with TBS. The proteins 
on the membrane were then detected using the chemiluminescence method 
(ECL western blott ing'detect ion reagents; Amersham Pharmacia biotech, 
Uppsala, Sweden) . 

[Example 4] Quantification of secondarily released particles from 
viruses having temperature sensitive mutations introduced therein 
(HA assay, Western Blotting) : 
25 Levels of secondarily released particles were compared, 

together with SeV18+/AF-GFP and SeV18+/MtsHNt sAF-GFP, using the 
autonomously replicating type SeV that comprises all of the viral 
proteins and the GFP fragment (780 bp) , which comprises the 
termination signal -intervening sequence -initiation signal 
30 downstream of the GFP gene at the Notl site (SeV18+GFP: Fig. 2) . 

LLC-MK2 cells were grown to confluency on 6-well plates. To 
these cells were added 3x 10 7 ClU/ml of each virus solution at 100 
|iil per well (MOI= 3) , and the cells were infected for one hour. After 
washing the cells with MEM, serum-free MEM (1 ml) was added to each 
35 well, and the cells were cultured at 32 °C, 37°C and 38°C, respectively. 
Sampling was carried out every day, and immediately after sampling, 
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1 ml of fresh serum-free MEM was added to the remaining cells. 
Culturing and sampling were performed over time. Three days after 
infection, observation of GFP expression under a fluorescence 
microscope indicated that infection levels were almost equal for the 
5 three types of virus for all temperature conditions (32 °C, 37 °C and 
38°C), and that GFP expression was similar (Fig. 5). 

Secondarily released particles were quantified using an assay 
for hemagglutination activity (HA activity) according to the method 
of Kato et al. (Kato, A., et al., Genes Cell 1, 569-579, 1996). 

10 Specifically, round-bottomed 96 well-plates were used for serial 
dilution of the viral solution with PBS. Serial two-fold 50 ill 
dilutions were carried out in each well. 50 jliX of preserved chicken 
blood (Cosmo Bio, Tokyo, Japan) , diluted to 1% with PBS, was added 
to 50 \xl of the viral solution, and the mixture was allowed to stand 

15 at 4°C for one hour. Erythrocyte agglutination was then examined. 
The highest virus dilution rate among the agglutinated samples was 
judged to be the HA activity. In addition, one hemagglutination unit 
(HAU) was calculated to be lx 10 6 viruses, and expressed as a number 
of viruses (Fig. 6). The secondarily released particles of 

20 SeV18+/MtsHNtsAF-GFP remarkably decreased, and at 37 °C, was judged 
to be about 1/10 of the level of SeV18 + /AF-GFP . SeV18+/Mt sHNtsAF-GFP 
viral particle formation was also reduced at 32°C, and although only 
a few particles were produced, a certain degree of production was 
still thought possible. 

25 Western blotting was used to quantify the secondarily released 

particles . In a manner similar to that described above, LLC-MK2 cells 
were infected at MOI= 3 with the virus, and the culture supernatant 
and cells were recovered two days after infection. The culture 
supernatant was centrifuged at 48,000 xg for 45 minutes to recover 

30 the viral proteins. After SDS-PAGE, Western blotting was performed 
to detect these proteins using an anti-M protein antibody. This 
anti-M protein antibody is a newly prepared polyclonal antibody, 
prepared from the serum of rabbits immunized with a mixture of three 
synthetic peptides: corresponding to amino acids 1-13 

35 (MADIYRFPKFSYE+Cys/SEQ ID NO: 21), 23-35 ( LRTGPDKKAI PH+Cys/SEQ ID 
NO: 22), and 336-348 (Cys+NVVAKNIGRIRKL/SEQ ID NO: 23) of the SeV 
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M protein. Western blotting was performed according to the method 
described in Example 3, in which the primary antibody, anti-M protein 
antibody, was used at a 1/4000 dilution, and the secondary antibody, 
anti-rabbit IgG antibody bound with HRP (Anti-rabbit IgG (Goat) H+L 
5 con j . ; ICN P., Aurola, OH), was used at a 1/5000 dilution. In the 
case of SeV18+/MtsHNtsAF-GFP infected cells, M proteins were widely 
expressed to a similar degree, but expression of viral proteins was 
reduced (Fig. 7). Western blotting also confirmed a decrease in 
secondarily released viral particles. 

10 

[Example 5] The expression level of genes comprised by the virus 
induced by temperature-sensitive mutations (SEAP assay) : 

SeV18+/MtsHNtsAF-GFP secondary particle release was reduced. 
However, such a modification would be meaningless in a gene expression 

15 vector if accompanied with a simultaneous decrease in comprised gene 
expression. Thus, the gene expression level was evaluated. LLC-MK2 
cells were infected with SeV18+SEAP/AF-GFP or 

SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3, and culture supernatant was 
collected over time (12, 18, 24, 50 and 120 hours after infection). 

20 SEAP activity in the supernatant was assayed using a Reporter Assay 
Kit-SEAP (TOYOBO, Osaka, Japan) according to the kit method. SEAP 
activity was comparable for both types (Fig. 8). The same samples 
were also assayed for hemagglutination activity (HA activity) . The 
HA activity of SeV18+SEAP/MtsHNtsAF-GFP was reduced to about one tenth 

25 (Fig. 9) . Viral proteins were harvested from viruses in the samples 
by centrif ugation at 48,000 xg for 45 minutes, and then 
semi-quantitatively analyzed by Western blotting using an anti-M 
antibody. The level of viral protein in the supernatant was also 
reduced (Fig. 10) . These findings indicate that the introduction of 

30 temperature-sensitive mutations reduces the level of secondary 
particle release to about 1/10, with virtually no reduction in the 
expression of comprised genes. 

[Example 6] Cytotoxicity of viruses having temperature-sensitive 
35 mutations introduced therein (LDH assay) : 

SeV infection is often cytotoxic. The influence of introduced 
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mutations was thus examined from this respect. LLC-MK2, BEAS-2B and 
CV-1 cells were each plated on a 96-well plate at 2 . 5x 10 4 cells/well 

(100 (aL/well) , and then cultured. LLC-MK2 and CV-1 were cultured in 
MEM containing 10% FBS, and BEAS-2B was cultured in a 1 : 1 mixed medium 
of D-MEM and RPMI (Gibco-BRL, Rockville, MD) containing 10% FBS. 
After 24 hours of culture, virus infection was carried out by adding 
5 |uL/well of a solution of SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP 
diluted with MEM containing 1% BSA. After six hours, the medium 
containing the viral solution was removed, and replaced with the 
corresponding fresh medium, with or without 10% FBS. The culture 
supernatant was sampled three days after infection when FBS-free 
medium was used, or six days after infection when medium containing 
FBS was used. Cytotoxicity was analyzed using a Cytotoxicity 
Detection Kit (Roche, Basel, Switzerland) according to the kit 
instructions. Neither of the viral vectors was cytotoxic in LLC-MK2 . 
Further, SeV18+/MtsHNtsAF-GFP cytotoxicity was assessed as being 
comparable to or lower than that of SeV18 + /AF-GFP in CV-1 and BEAS-2B 
(Fig. 11) . Thus, it was concluded that cytotoxicity was not induced 
by suppressing secondary particle release through the introduction 
of temperature-sensitive mutations . 

[Example 7] Study of the mechanism of secondary particle release 
suppression : 

In order to elucidate the part of the mechanism underlying the 
suppression of secondary particle release associated with the 
introduction of temperature-sensitive mutations, subcellular 
localization of the M protein was examined. LLC-MK2 cells were 
infected with each type of SeV (SeV18+GFP, SeV18 + /AF-GFP, 
SeV18+/MtsHNtsAF-GFP) , and cultured at 32°C, 37°C or 38°C for two 
days. The cells were immunostained by using an anti-M antibody. 
Immunostaining was performed as follows: The cultured cells were 
washed once with PBS, methanol cooled to -20°C was added, and the 
cells were fixed at 4°C for 15 minutes. After washing the cells three 
times with PBS, blocking was carried out at room temperature for one 
hour using PBS solution containing 2% goat serum and 0.1% Triton. 
After washing with PBS a further three times, the cells were reacted 
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with a primary antibody solution (10 ^ig/mL anti-M antibody) containing 
2% goat serum at 37 °C for 30 minutes. After washing three times with 
PBS, the cells were reacted with a secondary antibody solution (10 
|ag/mL Alexa Fluor 488 goat anti-rabbit IgG(H+L) conjugate: Molecular 
5 Probes, Eugene, OR) containing 2% goat serum at 37°C for 15 minutes. 
Finally, after a further three washes with PBS, the cells were observed 
under a fluorescence microscope. In the case of the self -replicating 
SeV18+GFP comprising both F and HN proteins, condensed IVI protein was 
detectable on cell surfaces at all of the temperatures tested (Fig. 

10 12). Such M protein condensation has been previously reported 
(Yoshida, T. et al., Virology 71, 143-161, 1976), and is presumed 
to reflect the site of virion formation. Specifically, in the case 
of SeV18+GFP, cell-surface M protein localization appeared to be 
normal at all temperatures, suggesting that a sufficient amount of 

15 virions were formed. On the other hand, in the case of SeV18 + /AF-GFP, 
M protein' condensation was drastically reduced at 38°C. M protein 
is believed to localize on cell surfaces, binding to both F and HN 
protein cytoplasmic tails (Sanderson, CM. et al., J. Virology 68, 
69-76, 1994; Ali, A. et al., Virology 276, 289-303, 2000) . Since one 

20 of these two proteins, namely the F protein, is deleted in 
SeV18+/AF-GFP, F protein deficiency is presumed to have an impact 
on M protein localization. This impact was expected to be stronger 
for SeV18 + /MtsHNtsAF-GFP, and it was also expected that, even at 37 °C, 
M protein localization would be disturbed and the number of particles 

25 in the secondary release would be reduced. 

[Example 8] Study of the suppression mechanism of secondary particle 
release (2) : 

In order to study the SeV protein' s subcellular localization 
30 in more detail, analyses were carried out using a confocal laser 
microscope (MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) . A-10 
cells (rat myoblasts) were infected with each of SeV18+SEAP/AF-GFP 
and SeV18+SEAP/MtsHNtsAF-GFP (MOI= 1), and then cultured in MEM 
containing 10% serum at 32°C or 37°C. One or two days later, the cells 
35 were immunostained using anti-M antibody and anti-HN antibody. 
Immunostaining was performed as follows: The infected culture cells 
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were washed once with PBS. Methanol cooled to -20°C was added to the 
cells, and the cells were fixed at 4°C for 15 minutes. The cells were 
washed three times with PBS, and blocking was then carried out for 
one hour at room temperature, using a PBS solution containing 2% goat 
5 serum, 1% BSA and 0 . 1% Triton . The cells were reacted with an M primary 
antibody solution (10 |ug/mL anti-M antibody) containing 2% goat serum 
at 37 °C for 30 minutes. The cells were then reacted with an HN primary 
antibody solution (1 |ag/mL anti-HN antibody (IL4-1)) at 37°C for 30 
minutes. After washing three times with PBS, the cells were reacted 

10 with a secondary antibody solution (10 jag/mL Alexa Fluor 568 goat 
anti-rabbit IgG (H+L) conjugate and 10 jug/mL Alexa Fluor 488 goat 
anti-mouse IgG (H+L) conjugate: Molecular Probes, Eugene, OR) 
containing 2% goat serum at 37 °C for 15 minutes . The cells were washed 
three times with PBS and the nuclei were stained with TO_PR03 

15 (Molecular Probes, Eugene, OR) diluted 4000 times. The cells were 
allowed to stand at room temperature for 15 minutes. Finally, to 
prevent quenching, a Slow Fade Antifade Kit solution (Molecular Probes, 
Eugene, OR) was substituted for the liquid, and the cells were observed 
under a confocal laser microscope. Fig. 13 shows the results one day 

20 after infection. Red represents M protein localization; green, HN 
protein localization; and yellow, co-localization of the two. Far 
red has been subjected to color conversion, and thus blue represents 
the nucleus. In the case of SeV18+SEAP/AF-GFP, each protein's 
localization pattern did not differ largely between 32°C and 37°C, 

25 and cell-surface localization of the M and HN proteins was observed. 
On the other hand, localization of each protein for 
SeV18 + SEAP/MtsHNtsAF-GFP was different at both temperatures from that 
for SeV18+SEAP/AF-GFP. Specifically, hardly any M protein was 
localized on the cell surface. In particular, at 37°C, the M and HN 

30 proteins were almost completely separated, such that the M protein 
was localized at sites presumed to be close to the centrosome of 
microtubules (i.e., near the Golgi body). A similar result was 
obtained for cells cultured two days after infection. Particularly 
in SeVl 8 +SEAP/MtsHNtsAF-GFP- infected cells, subcellular M protein 

35 localization did not change between one day and two days after 
infection (Fig. 14) , and protein transport appeared to have stopped. 
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This result also showed that the reduced secondary particle release 
by viruses having temperature-sensitive mutations introduced therein 
was caused by a deficiency in localization of the M protein, which 
is expected to play a central role in particle formation. 
5 When the cells were cultured at 32 °C after infection with 

SeV18+SEAP/Mt sHNt sAF-GFP, the M protein stained in a morphology 
similar to that of a microtubule (Fig. 13) . To show the involvement 
of microtubules, a reagent that enhances microtubule dep.olymerization 
was added, and changes in M protein (and the HN protein) localization 

10 were then studied. A-10 cells were infected with 

SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and a depolymerizat ion reagent, 
colchicine (Nakarai Tesque, Kyoto, Japan) or colcemid (Nakarai Tesque, 
Kyoto, Japan) , was immediately added at a final concentration of 1 
mM. The cells were then cultured at 32°C. Two days after infection, 

15 the subcellular localizations of the M and HN proteins were observed 
by the same method as described above. In the absence of the 
depolymerization reagent, M protein distribution was similar in 
morphology to a microtubule (Fig. 13). However, addition of the 
depolymerization reagent resulted in disruption of this structure, 

20 and the M protein was detected as a large fibrous structure (Fig. 
15) . This structure may be an aggregate of the M protein by itself, 
or M protein bound to the residues of depolymerized microtubules. 
In either case, as seen in Fig. 13, it was plausibly judged that the 
M protein was localized on microtubules in cells cultured at 32°C 

25 after infection with SeV18+SEAP/MtsHNt sAF-GFP . 

In order to clarify whether or not the above-mentioned 
localization of the M protein in microtubules was characteristic of 
temperature-sensitive viruses, the post-infection influence of the 
microtubule depolymerization reagent (colchicine) on changes to M 

30 protein (and HN protein) localization was evaluated for both viruses 
SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP . A-10 cells were infected 
with SeV18 + /AF-GFP or SeV18+/MtsHNtsAF-GFP at MOI= 1, and the 
depolymerization reagent colchicine was immediately added at a final 

concentration of 1 |uM. The cells were cultured at 32°C or 37°C. Two 
35 days after infection, the subcellular localization of the M protein 
(and the HN protein) was observed using the same method as described 
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above. The results are shown in Fig. 16. Infected cells exhibited 
similar features for both viruses. Specif ically, when the cells were 
cultured at 32°C after infection, the M protein was observed as a 
large fibrous structure, similar to that in Fig. 15. The M protein's 
5 coexistence with microtubules was also suggested for SeV18+/AF-GFP . 
In particular, in cells infected with SeV18+/MtsHNtsAF-GFP and 
cultured at 37 °C, the M protein was observed to be localized in areas 
supposed to be near the Golgi body. 

Based on the above results, the following can be inferred: the 

10 M protein is synthesized near the Golgi body; it is transported around 
the cell along microtubules (for example, bound to a motor protein 
such as kinesin) , mainly bound to the cytoplasmic tails of the F and 
HN proteins (Sanderson, CM. et al., J. Virology 68, 69-76, 1994; 
Ali, A. et al., Virology 276, 289-303, 2000); and the M protein is 

15 localized on the cell surface, followed by particle formation. In 
viruses comprising a temperature-sensitive mutation, everything up 
to the point of intracellular transport along microtubules may be 
normal at 32°C However, translocation from microtubules to the cell 
surface may be hindered, resulting in localization along microtubules . 

20 At 37°C, it can be presumed that even intracellular transport along 
microtubules may be hindered, and thus, localization in the vicinity 
of the Golgi body is observed. M protein synthesis is supposed to 
take place near the Golgi body. However, it is possible that M protein 
aggregation is observed at these sites, and that the area of synthesis 

25 itself is elsewhere. However, it has been reported that tubulin, a 
microtubule component, activates and is involved in SeV transcription 
and replication (Moyer, S.A. et al., Proc. Natl. Acad. Sci. U.S.A. 
83, 5405-5409, 1986; Ogino, T. etal., J. Biol. Chem. 274, 35999-36008, 
1999) . Moreover, as the Golgi body is located near the centrosome, 

30 where tubulin is predicted to exist in abundance, the Golgi body can 
be synthesized close to the microtubule central body (i.e., near the 
Golgi body) . In addition, although the SeV mutant strain, Fl-R, 
comprises a mutation in its M gene, it modifies microtubules after 
infecting cells, and this modification may enable particle formation 

35 independent of Fl-R strain cell polarity (Tashiro, M. etal., J. Virol. 
67, 5902-5910, 1993) . In other words, the results obtained in the 
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present Example may also be interpreted by assuming the intracellular 
transport of the M protein along tubulin. In this supposed mechanism, 
introduction of temperature-sensitive mutations to the M and HN genes 
may result in deficient subcellular M protein localization, resulting 
5 in a reduction in secondary particle release. 

[Example 9] Construction of the genomic cDNA of an M gene-deficient 
SeV comprising the EGFP gene: 

Construction of cDNA used the full-length genomic cDNA of an 

10 M-def icient SeV, which is M gene-deficient (pSeV18+/AM: WO 00/09700) . 
The construction scheme is shown in Fig. 17. The BstEII fragment (2098 
bp) comprising the M-def icient site of pSeV18+/AM was subcloned to 
the BstEII site of pSE280 (pSE-BstEIIf rg construction) . The EcoRV 
recognition site at this pSE280 site had been deleted by previous 

15 digestion with Sall/Xhol followed by ligation (Invitrogen, Groningen, 
Netherlands) . pEGFP comprising the GFP gene (TOYOBO, Osaka, Japan) 
was digested using Acc65I and EcoRI, and the 5' -end of the digest 
was blunted by filling in using a DNA blunting Kit (Takara, Kyoto, 
Japan) . The blunted fragment was then subcloned into the 

20 pSE-BstEIIf rg, which had been digested with EcoRV and treated with 
BAP (TOYOBO, Osaka, Japan) . This BstEII fragment, comprising the 
EGFP gene, was returned to the original pSeV18+/AM to construct the 
M gene-deficient SeV genomic cDNA (pSeV18+/AM-GFP) , comprising the 
EGFP gene at the M-def icient site. 

25 

[Example 10] Construction of the genomic cDNA of an M gene- and 

replication ability-deficient SeV: 

The genomic cDNA of an M - and F gene-deficient SeV was 

constructed. The construction scheme described below is shown in Fig. 
30 18. The M gene was deleted using pBlueNaelf rg-AFGFP, which was 

constructed by subcloning a Nael fragment (4 922 bp) of the F-def icient 

Sendai virus full-length genomic cDNA comprising the EGFP gene at 

the F gene-deficient site (pSeV18+/AF-GFP : Li, H.-O. et al., J. 

Virology 74, 6564-6569, 2000; WO 00/70070), to the EcoRV site of 
35 pBluescript II (Stratagene, La Jolla, CA) . Deletion was designed so 

as to excise the M gene using the Apa LI site directly .behind it. That 
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is, the ApaLI recognition site was inserted right behind the P gene, 
so that the fragment to be excised became 6n. Mutagenesis was 
performed using the QuikChange™ Site-Directed Mutagenesis Kit 
(Stratagene, La Jolla, CA) according to the kit method . The synthetic 
5 oligonucleotide sequences used for the mutagenesis were as follows: 
5' -agagtcactgaccaactagatcgtgcacgaggcatcctaccatcctca-3' / SEQ ID NO: 
24 and 

5' -tgaggatggtaggatgcctcgtgcacgatctagttggtcagtgactct-3' /SEQ ID NO: 
25. 

10 After mutagenesis, the resulting mutant cDNA was partially 

digested using ApaLI (at 37°C for five minutes), recovered using a 
QIAquick PCR Purification Kit (QIAGEN, Bothell, WA) , and then ligated 
as it was. The DNA was again recovered using the QIAquick PCR 
Purification Kit, digested with Bsml and StuI, and used to transform 

15 DH5cc to prepare the M gene-deficient (and F gene-deficient) DNA 
(pBlueNaelf rg-AMAFGFP) . 

pBlueNaelf rg-AMAFGFP deficient in the M gene (and the F gene) 
was digested with Sail and .ApaLI to recover the 1480 bp fragment 
comprising the M gene-deficient site. pSeV18+/AF-GFP was digested 

20 with Apal>l/Nhel to recover the HN gene-comprising fragment (6287 bp) , 
and these two fragments were subcloned into the Sail/ Nhel site of 
Litmus 38 (New England Biolabs, Beverly, MA) 

(LitmusSall/Nhelf rg-AMAFGFP construction) . The 7767 bp fragment 
recovered by digesting LitmusSall/Nhelf rg-AMAFGFP with Sail/ Nhel was 

25 ligated to another fragment (8294 bp) obtained by digesting 

pSeV18 + /AF-GFP with Sail / Nhel , that did not comprise genes such as 
the M and HN genes. In this way an M- and F-deficient Sendai virus 
full-length genome cDNA comprising the EGFP gene at the deficient 
site (pSeV18+/AMAF-GFP) was constructed. Structures of the 
30 M-deficient (and the M- and F-deficient) viruses thus constructed 
are shown in Fig. 19. This genomic cDNA is useful for constructing 
M- and F-deficient SeV comprising the desired, modified F protein. 

[Example 11] Preparation of helper cells expressing SeV-M proteins 
35 To prepare helper cells expressing M proteins, the Cre/loxP 

expression induction system was used. For constructing this system, 
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plasmid, pCALNdLw, which is designed to induce the expression of gene 
products using the Cre DNA recombinase, was used (Arai, T. et al., 
J. Virol. 72, 1115-1121, 1988). This system was also employed for 
the preparation of helper cells (LLC-MK2/F7 cells) for the F protein 
5 (Li, H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070). 

<1> Construction of M gene-expressing plasmids: 
To prepare helper cells which induce the expression of the F 
and M proteins, the above-described LLC-MK2/F7 cells were used to 

10 transfer the M gene to these cells using the above-mentioned system. 
Since the pCALNdLw/F used in the transfer of the F gene contained 
the neomycin resistance gene, it was essential to insert a different 
drug resistance gene to enable use of the same cells. Therefore, 
according to the scheme described in Fig. 20, the neomycin resistance 

15 gene of the M gene-comprising plasmid ( pCALNdLw/M : the M gene was 
inserted at the Swal site of pCALNdLw) was replaced with the hygromycin 
resistance gene. That is, after pCALNdLw /M was digested with Hindi 
and £coT22I, an M gene-comprising fragment (4737 bp) was isolated 
by electrophoresis on agarose and the corresponding band was excised 

20 and recovered using the QIAEXII Gel Extraction System. At the same 
time, pCALNdLw/M was digested with Xhol to recover a fragment that 
did not comprise the neomycin resistance gene (5941 bp) and then 
further digested with Hindi to recover a 1779 bp fragment. The 
hygromycin resistance gene was prepared by performing PCR using 

25 pcDNA3 . lhygro (+ ) (Invitrogen, Groningen, Netherlands) as the 
template and the following pair of primers: 
hygro-5' 

( 5 ' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacgtctgtcgag-3' / 
SEQ ID NO: 26) and 
30 hygro-3' 

( 5 ' -aatgcatgatcagtaaattacaatgaacatcgaaccccagagtcccgcctattcctttgc 
cctcggacgagtgctggggcgtc-3' ) /SEQ ID NO: 27). 

The PCR product was recovered using the QIAquick PCR 
Purification Kit, and then digested using Xhol and EcoT22l. 
35 pCALNdLw-hygroM was constructed by ligating these three fragments. 
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<2> Cloning of helper cells which induce the expression of SeV-M 
and SeV-F proteins: 

Transfection was performed using the Superfect Transfection 
Reagent by the method described in the Reagent's protocol. 
5 Specifically, the following steps were performed: LLC-MK2/F7 cells 
were plated on 60 mm diameter Petri dishes at 5x 10 5 cells/dish, and 
then cultured in D-MEM containing 10% FBS for 24 hours. 
pCALNdLw-hygroM (5 \xg) was diluted in D-MEM containing neither FBS 
nor antibiotics (150 |ul in total) . This mixture was stirred, 30 fil 

10 of the Superfect Transfection Reagent was added, and the mixture was 
stirred again. After standing at room temperature for ten minutes, 
D-MEM containing 10% FBS (1 ml) was added. The transfection mixture 
thus prepared was stirred, and added to LLC-MK2/F7 cells which had 
been washed once with PBS. After three hours of culture in an 

15 incubator at 37 °C and in 5% CO2 atmosphere, the transfection mixture 
was removed, and the cells were washed three times with PBS. D-MEM 
containing 10% FBS (5 ml) was added to the cells, which were then 
cultured for 24 hours. After culture, the cells were detached using 
trypsin, plated onto a 96-well plate at a dilution of about 5 

20 cells/well, and cultured in D-MEM containing 10% FBS supplemented 
with 150 jag/ml hygromycin (Gibco-BRL, Rockville, MD) for about two 
weeks. Clones propagated from a single cell were cultured to expand 
to a 6-well plate culture. A total of 130 clones were thus prepared, 
and were analyzed as detailed below. 

25 

<3> Analysis of helper cell clones which induce the expression 
of SeV-M (and SeV-F) protein (s): 

Western blotting was used to semi-quantitatively analyze M 
protein expression in the 130 clones obtained as detailed above. Each 

30 clone was plated onto a 6-well plate, and, when in a state of near 
confluence, infected at MOI^ 5 with a recombinant adenovirus 
expressing Cre DNA recombinase (AxCANCre) diluted in MEM containing 
5% FBS, according to the method of Saito et al. (Saito, I. et al. , 
Nucleic Acids Res. 23, 3816-3821, 1995; Arai, T. et al., J. Virol. 

35 72, 1115-1121, 1998). After culturing at 32°C for two days, the 
culture supernatant was removed. The cells were washed once with PBS, 
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and recovered by detachment using a cell scraper. SDS-PAGE was 
performed by applying 1/10 of the cells thus recovered per lane, and 
then Western blotting was carried out using anti-M protein antibody, 
according to the method described in Examples 3 and 4. Of the 130 
5 clones, those showing relatively high M protein expression levels 
were also analyzed by Western blotting using the anti-F protein 
antibody (f236: Segawa, H. etal., J. Biochem. 123, 1064-1072, 1998). 
Both results are described in Fig. 21. 

10 [Example 12] Evaluation of helper cells inducing the expression of 
SeV-M proteins: 

Using the helper cells inducing the expression of SeV-M proteins 
cloned in Example 11, virus reconst itution of M-def icient SeV 
( SeV18+/AM-GFP) was carried out to evaluate virus-producing ability 

15 of these cell clones. P0 lysate of SeV18+/AM-GFP was added to each 
clone, and whether or not GFP protein spread was observed (whether 
or not the trans-supply of M protein was achieved) was examined. P0 
lysate was prepared as follows. LLC-MK2 cells were plated on 100-mm 
diameter Petri dishes at 5x 10 6 cells/dish, cultured for 24 hours, 

20 and then infected at MOI= 2 with PLWUV-VacT7 at room temperature for 
one hour. Plasmids pSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, 
pGEM/F-HN and pGEM/M were suspended in Opti-MEM at weight ratios of 
12 |ag, 4 jag, 2 jag, 4 jag, 4 jig and 4 jag/dish, respectively. To these 
suspensions, the equivalent of 1 ^ig DNA/5 |ul of SuperFect transfection 

25 reagent was added and mixed. The mixture was allowed to stand at room 
temperature for 15 minutes, and finally added to 3 ml of Opti-MEM 
containing 3% FBS . This mixture was added to the cells, which were 
then cultured. After culturing for five hours, the cells were washed 
twice with serum-free MEM, and cultured in MEM containing 40 jig/ml 

30 AraC and 7.5 |ug/ml trypsin. After 24 hours of culture, LLC-MK2/F7/A 
cells were layered at 8 . 5x 10 6 cells/dish, and further cultured in 
MEM containing 40 jag/ml AraC and 7.5 jig/ml trypsin at 37 °C for two 
days (P0). These cells were recovered, the pellet was suspended in 
2 ml/dish Opti-MEM, and P0 lysate was prepared by repeating three 

35 cycles of freezing and thawing. At the same time, ten different clones 
were plated on 24-well plates. When nearly confluent, they were 
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infected with AxCANCre at MOI= 5, and cultured at 32 °C for two days. 
These cells were transfected with PO lysate of SeV18+/AM-GFP at 200 
|xl/well, and cultured using serum-free MEM containing 40 jag/ml AraC 
and 7 . 5 p.g/ml trypsin at 32 °C. GFP protein spread due to SeV18+/AM-GFP 
5 was observed in clones #18 and #62 (Fig. 36). This spread was 
especially rapid in clone #62, which was used in subsequent 
experiments. Hereafter, these cells prior to induction with AxCANCre 
are referred to as LLC-MK2/F7/M62 . After induction, cells which 
continuously express F and M proteins are referred to as 

10 LLC-MK2/F7/M62/A. Preparation of SeV18+/AM-GFP cells was continued 
using LLC-MK2/F7/M62/A cells. Six days after P2 infection, 9.5x 10 7 
GFP-CIU viruses were prepared. Five days after P4 infection, 3.7x 
10 7 GFP-CIU viruses were prepared. 

As indicated in Example 3, it was presumed that culturing at 

15 32 °C or such after the PI stage is significantly important for recovery 
of the SeV18+/AM-GFP virus. In SeV18+/AM-GFP, in trans supply of M 
protein from expression cells (LLC-MK2/F7/M62/A) is thought to be 
a cause; however, spread of infection was extremely slow and was 
finally observed seven days after PI infection (Fig. 22) . Thus, as 

20 in the viral reconstitution experiments, "culturing at 32 °C after 
the PI stage" is supported as being very effective in reconstituting 
SeV having inefficient transcription-replication or poor ability to 
form infectious virions. 

25 [Example 13] Investigation of virus producing conditions using helper 
cells inducing the expression of SeV-M proteins: 

The productivity of the above-described virus was also 
investigated. LLC-MK2/F7/M62/A cells were plated on 6-well plates 
and cultured at 37 °C. When the cells were nearly confluent, they were 

30 shifted to 32°C. One day later, these cells were infected at MOI= 

0.5 with SeV18+/AM-GFP . The culture supernatant was recovered over 
time, and replaced with fresh medium. Supernatants thus recovered 
were assayed for CIU and HAU . Most viruses were recovered four to 
six days after infection (Fig. 23). HAU was maintained for six or 
35 more days after infection, however cytotoxicity was strongly 
exhibited at this point, indicating the cause was not HA protein 
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originating in viral particles, but rather the activity of HA protein 
free or bound to cell debris. Therefore for virus collection, the 
culture supernatant is preferably recovered by the fifth day after 
infection . 

5 

[Example 14] Structural confirmation of the M gene-deficient SeV: 
SeV18+/AM-GFP' s viral genes were confirmed by RT-PCR, and the 
viral proteins by Western blotting. In RT-PCR, the P2 stage virus 
six days after infection was used. QIAamp Viral RNA Mini Kit (QIAGEN, 

10 Bothell, WA) was used in the recovery of RNA from the viral solution. 
Thermoscript RT-PCR System (Gibco-BRL, Rockville, MD) was used to 
prepare the cDNA. Both systems were performed using kit protocol 
methods. The random hexamer supplied with the kit was used as the 
primer for cDNA preparation. To confirm that the product was formed 

15 starting from RNA, RT-PCR was performed in the presence or absence 
of reverse transcriptase. PCR was performed with the above-prepared 
cDNA as the template, using two pairs of primers: one combination 
of F3593 (5' -ccaatctaccatcagcatcagc-3 ' /SEQ ID NO: 28) on the P gene 
and R4993 (5' -ttcccttcatcgactatgacc-3' /SEQ ID NO: 29) on the F gene, 

20 and another combination of F3208 ( 5' -agagaacaagactaaggctacc-3' /SEQ 
ID NO: 30) on the P gene and R4 993 . As expected from the gene structure 
of SeV18+/AM-GFP, amplifications of 1073 bp and 1458 bp DNAs were 
observed from the former and latter combinations respectively (Fig. 
24). When reverse transcriptase was omitted (RT-), gene 

25 amplification did not occur. When the M gene was inserted instead 
of the GFP gene (pSeV18+GFP) , 1400 bp and 1785 bp DNAs were amplified 
respectively. These DNAs are clearly different in size from those 
described above, supporting the fact that this virus is M 
gene-deficient in structure. 

30 Protein confirmation was performed using Western blotting. 

LLC-MK2 cells were infected at MOI= 3 with SeV18+/AM-GFP (shown as 
AM in Figures) , SeV18 + /AF-GFP (shown as AF in Figures) , and SeV18+GFP 
(shown as 18+ in Figures) , respectively, and the culture supernatant 
and cells were recovered three days after infection. The culture 

35 supernatant was centrifuged at 48,000 xg for 45 minutes to recover 
viral proteins. After SDS-PAGE, Western blotting was performed to 
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detect proteins using anti-M protein antibody, anti-F protein 
antibody, and DN-1 antibody (rabbit polyclonal) which mainly detects 
NP protein, according to the method described in Examples 3 and 4. 
In cells infected with SeV18+/AM-GFP, the M protein was not detected 
5 while the F and/or NP proteins were observed. Therefore, this virus 
was also confirmed to have the SeV18 + /AM-GFP structure from the point 
of view of proteins (Fig. 25) . The F protein was not observed in cells 
infected with SeV18+/AF-GFP, while all viral proteins examined were 
detected in cells infected with SeV18+GFP. In addition, very little 
10 NP protein was observed in the culture supernatant in the case of 
infection with SeVl8+/AM-GFP, indicating that there were no or very 
few secondarily released particles. 

[Example 15] Quantitative analysis concerning the presence or absence 

15 of secondarily released particles of M gene-deficient SeV: 

As described in Example 14, LLK-MK2 cells were infected with 
SeV18+/AM-GFP at MOI= 3, the culture supernatant was recovered three 
days after infection, filtered through an 0 . 4 5 fam pore diameter filter, 
and then centrifuged at 48,000 xg for 45 minutes to recover viral 

20 proteins. Western blotting was then used to semi-quantitatively 
detect viral proteins in the culture supernatant. Samples similarly 
prepared from cells infected with SeV18+/AF-GFP were used as the 
control. Serial dilutions of respective samples were prepared and 
subjected to Western blotting to detect proteins using the DN-1 

25 antibody (primarily recognizing NP protein) . The viral protein level 
in the culture supernatant of cells infected with SeV18+/AM-GFP was 
estimated to be about 1/100 that of cells infected with SeVl8 + /AF-GFP 
(Fig. 26) . Sample HA activities were 64 HAU for SeV18+/AF-GFP, 
compared to less than 2 HAU for SeV18-f /AM-GFP . 

30 Time courses were examined for the same experiments. That is, 

LLC-MK2 cells were infected at MOI= 3 with SeV18+/AM-GFP, and the 
culture supernatant was recovered over time (every day) to measure 
HA activity (Fig. 27) . Four days or more after infection, slight HA 
activity was detected. However, measurements of LDH activity, an 

35 indicator of cytotoxicity, revealed clear cytotoxicity four or more 
days after infection in the SeV18 + /AM-GFP-inf ected cells (Fig. 28) . 
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This indicated the strong possibility that elevated HA activity was 
not due to VLPs, but to the activity of HA protein bound to or free 
from cell debris. Furthermore, the culture supernatant obtained five 
days after infection was examined using Dosper Liposomal Transfection 
5 Reagent, a cationic liposome (Roche, Basel, Switzerland) . The 
culture supernatant (100 |al) was mixed with Dosper (12.5 |ul) , allowed 
to stand at room temperature for ten minutes, and then transfected 
to LLC-MK2 cells cultured to confluency on 6-well plates. Inspection 
under a fluorescence microscope two days after transfection revealed 

10 that many GFP-positive cells were observed in the supernatant of cells 
infected with SeV18+/AF-GFP which contained secondarily released 
particles, while very few or almost no GFP-positive cells were 
observed in the supernatant of cells infected with SeV18 + /AM-GFP (Fig. 
29) . From the above results, the secondary release of particles was 

15 concluded to be almost completely suppressed by an M protein 
deficiency . 

2. Construction of the SeV vector with decreased or defective 
particle forming ability due to modified protease-dependent tropism 
20 Utilizing the reconst itution system for the M-defective SeV 

constructed above, SeV in which the cleavage site of the F protein 
is modified, as shown below, was constructed. 

[Example 16] Construction of an M-deficient SeV genomic cDNA with 

25 modified F protein activation site: 

An M-deficient SeV genomic cDNA inserted with a recognition 
sequence for a protease highly expressed in cancer cells at the F1/F2 
cleavage site (activation site) of the F protein was constructed. 
Various sequences based on sequences used as synthetic substrates 

30 of MMP-2 and MMP-9, and sequences based on substrates of uPA were 
designed. Fig. 30 shows four kinds of sequences: two sequences 
designed based on the sequence of synthetic substrates utilized as 
substrates of MMP-2 and MMP-9 (Net zel-Arnett , S. etal., Anal. Biochem. 
195, 86-92, 1991) with additional modifications [PLGxMTS (SEQ ID NO: 

35 3) and PLGjLGL (SEQ ID NO: 31) ; hereinafter, F proteins comprising 
these sequences is referred to as F(MMP#2) and F(MMP#3), 
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respectively] ; another sequence designed by inserting only the 
three-amino acid sequence, PLG, that is common to synthetic substrates 
of MMP (hereinafter, the F protein having this sequence is referred 
to as F(MMP#4)); and the sequence designed based on a substrate of 
5 uPA, VGR (SEQ ID NO: 6) , (hereinafter, the F protein comprising this 
sequence is referred to as F(uPA)). 

For actual sequence designing to achieve a more selective action 
towards the MMPs of interest (MMP-2 and MMP-9) , the sequences of 
commercially available synthetic substrates, as well as reports that 

10 made detailed examinations of substrate specificity (Turk, B.E. et 
al., Nature Biotech. 19(7), 661-667, 2001; Chen, E.I. etal., J. Biol. 
Chem. 277(6), 4485-4491, 2002) can be referenced. Particularly for 
MMP-9, a consensus sequence from P3 to P2' , Pro-X-X-Hy- ( Ser/Thr ) (X= 
any residues; Hy= hydrophobic residues) , is recommended (Kridel, S.J. 

15 et al., J. Biol. Chem. 276(23), 20572-20578, 2001). Therefore, 
F(MMP#2) was newly designed as the present design, PLG^MTS, from the 
sequence of the original synthetic substrate, PLG4MWS, so that it 
matches the consensus sequence. 

The gene construction scheme is shown in Fig. 31. The 

20 full-length genomic cDNA (pSeV18+/AM-GFP) of M-deficient Sendai virus , 
in which an EGFP gene is inserted at M-deficient site, was digested 
with Sail and Nhel . The fragment (9634 bp) comprising the F gene was 
separated by agarose gel electrophoresis, and then the corresponding 
band was cut out and collected with QIAEXII Gel Extraction System 

25 (QIAGEN, Bothell, WA) . The obtained fragment was subcloned into the 
Sail /Nhel site of LITMUS38 (New England Biolabs, Beverly, MA) 
(construction of LitmusSall /Nhelf rgAM-GFP) . Mutagenesis to the F 
gene was performed on this LitmusSall/Nhelf rgAM-GFP, using 
QuickChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 

30 CA) according to the method described in the kit. The sequences of 
the synthetic oligos used for the mutagenesis were as follows: 
5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTGT 
GATTGGTACTATC-3 ' (SEQ ID NO: 32) 
and 

35 5' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG-3 ' (SEQ ID NO: 33) for the conversion to F(MMP#2); 
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5' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGTGCTGT 

GATTGGTACTATCG-3 ' (SEQ ID NO: 34) 

and 

5 9 -CGATAGTACCAATCACAGCACCGAAGAATaaCccCaGGccAagAggGGCATTTTGTGTCGT 
5 ATCATTGGTGACAG-3 ' (SEQ ID NO: 35) for the conversion to F(MMP#3); 
5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3' (SEQ ID NO: 36) 
and 

5 ' -AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG- 3 ' (SEQ ID NO: 37 ) 
for the conversion to F(MMP#4); 
10 and 5' -GACACAAAATGCCGGTGCTCCCgtGggGAGATTCTTCGGTGCTGTGATTG-3 ' (SEQ 
ID NO: 38) 

and 5' -CAATCACAGCACCGAAGAATCTCccCacGGGAGCACCGGCATTTTGTGTC-3 ' (SEQ 

ID NO: 39) for the conversion to F(uPA) . 

Lower case letters indicate mutated nucleotides. 

15 LitmusSall/Nhelf rgAM-GFP comprising an objective mutation on 

the F gene was digested with Sail / Nhel to collect a fragment (9634 
bp) comprising the F gene. The full-length genomic cDNA of 
F-deficient Sendai virus comprising the EGFP gene at the F-deficient 
site (pSeV18 + /AF-GFP: Li, H.-O. etal., J. Virol. 74, 6564-6569, 2000; 

20 WO 00/70070) was digested with Sail and Nhel to collect an NP 
gene-comprising fragment (8294 bp), and a multicloning site was 
introduced to the fragment using synthetic oligo DNA to obtain a 
plasmid (pSeV/ASallNhelf rg-MCS : PCT7 JP00/06051 ) . The obtained 
plasmid was digested with Sail and Nhel to collect a fragment (8294 

25 bp) . These collected fragments were ligated to each other to 
construct an M-def icient SeV cDNA (pSeV18+/F (MMP#2 ) AM-GFP, 
pSeV18+/F(MMP#3) AM-GFP, or pSeV18+/F (MMP#4 ) AM-GFP) comprising the 
F(MMP#2), F(MMP#3), or F(MMP#4) gene (an F gene designed to be 
activated by MMP) , and M-def icient SeV cDNA (pSeV18+/F (uPA) AM-GFP) 

30 comprising the F(uPA) gene (an F gene designed to be activated by 
uPA) . 

[Example 17] Reconstitut ion and amplification of an M-deficient SeV 
vector having a modified F activation site: 
35 Reconstitution of the virus was performed according to the 

procedure reported by Li et al. (Li, H.-O. et al., J. Virol. 74, 
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6564-6569, 2000; WO 00/70070) . Since the virus was an M-def icient 
form, the above-mentioned helper cells (as in Example 11) that provide 
the M protein in trans were used. The Cre/loxP expression induction 
system was used for helper cell production. The system utilized the 
5 pCALNdLw plasmid designed to induce the expression of gene products 
with Cre DNA recombinase (Arai, T. et al., J. Virol. 72, 1115-1121, 
1988) . Thus, a recombinant adenovirus (AxCANCre) expressing Cre DNA 
recombinase was infected to the transformant of this plasmid using 
the method of Saito et al. (Saito, I. et al., Nucleic Acids Res. 23, 

10 3816-3821, 1995; Arai, T. et al., J. Virol. 72, 1115-1121, 1998) to 
express the inserted genes (see Examples 11 and 12). 

The reconstitution of the M-deficient SeV in which the 
activation site of F was modified was performed as follows. LLC-MK2 
cells were plated onto a 100-mm dish at a density of 5x 10 6 cells/dish 

15 and incubated for 24 hours. Recombinant vaccinia viruses 
(PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA. 83, 
8122-8126, 1986) expressing T7 polymerase was treated with psoralen 
under ultraviolet A irradiation (365 nm) for 20 minutes, and infected 
(at MOI= 2) to the cells at room temperature for one hour. The cells 

20 were washed with serum-free MEM. pSeV18 + /F (MMP#2 ) AM-GFP 

(alternatively, pSeV18+/F (MMP#3 ) AM-GFP, pSeV18+/F (MMP#4 ) AM-GFP, or 
pSeV18+/F(uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al., 
Genes Cells 1, 569-579, 1996), and pGEM/F-HN (Li, H.-O. et al., J. 
Virology 74, 6564-6569, 2000; WO 00/70070) plasmids were suspended 

25 in Opt i -MEM (Gibco-BRL, Rockville, MD) at densities of 12 \iq, 4 \ig , 
2 jag, 4 \ig, and 4 jig per dish, respectively. SuperFect transfection 
reagent (Qiagen, Bothell, WA) corresponding to 5 jj,L per 1 jag DNA was 
added to respective solutions, mixed, and then allowed standing at 
room temperature for 15 minutes. Finally, the mixture was added to 

30 3 mL of Opti-MEM comprising FBS at a final concentration of 3%, and 
then added to the cells for culture. After five hours of culturing, 
the cells were washed twice in serum-free MEM, and were cultured in 
MEM containing 40 |Lig/mL Cytosine p-D-arabinof uranoside (AraC: Sigma, 
St. Louis, MO) and 7.5 jag/mL trypsin (Gibco-BRL, Rockville, MD) . 

35 After culturing for 24 hours, cells (LLC-MK2/F7/M62/A) that 
continuously expressed the M protein were layered at a density of 
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8 . 5x 10 6 cells/dish, and cultured in MEM containing 40 |ig/mL AraC. and 
7.5 jag/mL trypsin at 37 °C for another two days (P0) . These cells were 
collected and the pellet was suspended in 2 mL/dish of Opti-MEM. After 
repeating three cycles of freezing and thawing, the lysate was 
5 directly transfected to LLC-MK2/F7/M62/A, and cultured at 32 °C in 
serum-free MEM containing 40 fag/mL AraC, 7.5 fig/mL Trypsin, and 50 
U/mL type IV collagenase (ICN, Aurola, OH) (PI) . Three to 14 days 
later, a portion of the culture supernatant was sampled and infected 
to freshly prepared LLC-MK2/F7 /A, and cultured at 32°C in serum-free 

10 MEM containing 40 jag/mL AraC, 7.5 jxg/mL trypsin, and 50 U/mL type IV 
collagenase (P2). Three to 14 days later, this was reinfected to 
freshly prepared LLC-MK2/F7 /M62/A and cultured at 32°C for 3 to 7 
days in serum-free MEM containing 7.5 |Lig/mL trypsin and 50 U/mL type 
IV collagenase (P3). BSA was added to the collected culture 

15 supernatant to a final concentration of 1%, and culture was stored 
at -80°C. The viral stock solution was thawed for later production 
and in vitro experiments. 

Furthermore, helper cells (LLC-MK2/F7/M62-#33) which enables 
production of the M-deficient SeV vector at higher titers was 

20 successfully obtained by introducing the SeV-M gene (and SeV-F gene) 
of the same system (pCALNdLw: Arai, T. et aL, J. Virol . 72, 1115-1121, 
1988) into LLC-MK2/F7/M62 as the helper cell that provides the M 
protein in trans and continuing the cloning of cells. Using these 
cells, an M-deficient SeV vector ( SeV18 + /AM-GFP) in which the F gene 

25 has not been mutated can be produced at titers of lx 10 8 GFP-CIU/mL 
(GFP-CIU is defined in WO 00/70070) or more. In addition, the use 
of these cells accomplished also the preparation of both 
SeV18+/F (MMP#2) AM-GFP and SeV18+/F (uPA) AM-GFP at a titer of lx 10 8 
GFP-CIU/mL or more. 

30 When reconst itution was similarly performed for 

SeV18+/F (MMP#3) AM-GFP and SeV18+/F (MMP#4 ) AM-GFP, no viral particles 
could be collected. In order to collect these viral particles, 
conditions for reconstitution must be further examined. Considering 
the fact that they could not be collected under the same conditions, 

35 there may be problems with the design of the F1/F2 cleavage sites 
(activation sites of F protein) in F (MMP#3 ) andF(MMP#4), which cause, 
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for example, poor cleavage efficiency or weak activity of the cleaved 
F protein. On the other hand, since high titers of viral particles 
were collected with the design of F(MMP#2), this was considered to 
be a good design which shows good cleavage efficiency, and which does 
5 not affect the activity of the cleaved F protein. 

[Example 18] Preparation of in vivo samples of an M-deficient SeV 
vector having a modified F activation site: 

Various M-deficient SeV vectors for in vivo examinations were 

10 prepared by simple purification, wherein the viral particles were 
spun down by centrif ugat ion . LLC-MK2/F7 /M62-#33 was grown in a 
6-well plate until nearly confluent, infected with AxCANCre (MOI = 
5) , and then cultured at 32°C for two days. These cells were infected 
with SeV18+/F (MMP#2 ) AM-GFP or SeV18+/AM-GFP at MOI= 0.5. Then, the 

15 cells were cultured for three days at 32 °C in serum-free MEM (1 
mL/well) containing 7.5 (ig/mL trypsin and 50 U/mL type IV collagenase 
for SeV18+/F (MMP#2) AM-GFP; and in serum-free MEM (1 mL/well) 
containing only 7.5 (ig/mL trypsin for SeV18+/AM-GFP . The 
supernatants were collected from the six wells and combined together, 

20 then centrif uged at 2,190 xg for 15 minutes. The collected 
supernatants were passed through a filter with pores having an inside 
diameter of 0.45 jam, and then further centrif uged at 40, 000 xg for 
30 minutes. The resulting pellet was suspended in 500 jliL of PBS to 
prepare purified virus solutions. The titer of the M-deficient SeV 

25 vectors prepared as described above was 1 . 3x 10 9 and 4 . 5x 10 9 GFP-CIU/mL 
for SeV18 + /F(MMP#2) AM-GFP and SeV18+/AM-GFP, respectively.. The F 
proteins in the viruses prepared in Examples 17 and 18 are cleaved, 
and the viruses have infectivity. Such SeVs are called F-cleaved SeV 
or infective SeV. Hereinafter, SeV18+/AM-GFP, 

30 SeV18 + /F(MMP#2) AM-GFP, and SeV18 + /F (uPA) AM-GFP are also abbreviated 
as SeV/AM-GFP, SeV/F (MMP#2 ) AM-GFP, and SeV/F (uPA) AM-GFP, 
respectively. 

[Example 19] Method for evaluating protease-dependent infection and 
35 cell fusogenic infection of F-modified, M-deficient SeV vectors: 
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<1> Exogenous experiment: 

An infection procedure in which an extracellular protease is 
added to a cell line is called an exogenous experiment. The basic 
procedure of the exogenous experiment performed in the following 
Examples is described below. The use of different conditions is 
described in respective Examples. LLC-MK2 was cultured until 
confluence in a 96-well plate (5x 10 5 cells/well) . After washing 
twice with MEM, 50 \iL MEM containing SeV [ F-cleaved f orm: Ix 10 5 CIU/mL, 
or F-uncleaved form: lx 10 7 particles/mL (in HA units; see Example 
25)] was added and infected to the cells. Simultaneously, 50 p,L of 
protease-containing MEM was also added thereto, and the cells were 
cultured at 37°C. Four days later, the spread of the infection was 
observed under a fluorescent microscope. The number of cells 
expressing GFP per cells in 1 mm 2 was counted. The proteases to be 
used were purchased from ICN Biomedicals Inc. for collagenase (type 
IV collagenase) , andMMP-2 (active MMP-2 ) , MMP-3, MMP-7, MMP-9 (active 
MMP-9) , and plasmin were purchased from COSMO BIO Co. ltd. 

<2> Endogenous experiment: 

An infection procedure achieved by intracellularly expressed 
protease without extracellular addition of protease is called an 
endogenous experiment. The basic procedure of the endogenous 
experiment performed in the following Examples is described below. 
The use of different conditions is described in respective Examples. 
Respective cancer cells were cultured in a 96-well plate until 
confluence (5x 10 5 cells/well) . After washing twice with MEM, 50 |iL 
MEM containing SeV [F-cleaved form: lx 10 5 CIU/mL or F-uncleaved form: 
lx 10 7 HAU/mL (see Example 25)] was added and infected to the cells. 
Simultaneously, FBS was added to the medium at a final concentration 
of 1%. Four days later, the spread of the infection was observed under 
a fluorescent microscope. The number of cells expressing GFP per 
cells in 1 mm 2 was counted. 

[Example 20] Protease-dependent cell fusogenic infection by an 
F-modified M-deficient Sendai viral vector (Exogenous experiment) : 
Using LLC-MK2 cells that hardly express proteases, modification 
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of F was confirmed and assayed by the above-mentioned exogenous 
experiment to determine whether it causes protease-dependent cell 
fusogenic infection (Fig. 32) . Three types of M-def icient SeVs (as 
in Example 17) , SeV/AM-GFP, SeV/F (MMP#2 ) AM-GFP, and SeV/F (uPA) AM-GFP, 
5 were infected to cells. Simultaneously, 0.1 jag/mL each of type IV 
collagenase (Clostridium histolyticum) , active MMP-2, active MMP-9, 
or uPA, or 7 . 5 jag/mL trypsin was added thereto . Four days later, cells 
were observed under a fluorescence microscope. Only in LLC-MK2 to 
which trypsin was added, SeV/AM-GFP with unmodified F caused cell 

10 fusion of the infected cells with their surrounding cells, resulting 
in cell fusogenic infection and multinuclear cell (syncytia) 
formation (Fig. 32L) . SeV/F (MMP#2 ) AM-GFP inserted with an MMP 
degradation sequence into the F protein gene showed cell fusogenic 
infection of LLC-MK2 to which collagenase, active MMP-2, and active 

15 MMP-9 hade been added, resulting in formation of syncytia (Fig. 32E, 
32F, and 32M) . On the other hand, SeV/F (uPA) AM-GFP inserted with 
urokinase-type plasminogen activator (uPA) and tissue-type PA (tPA) 
degradation sequences into the F protein showed cell fusogenic 
infection in the presence of trypsin, and, upon further modification 

20 of the F protein, showed the formation of syncytia, multinuclear cells, 
in the presence of uPA (Fig. 32Q and 32R) . These results indicate 
that, due to the incorporation of each of the protease degradation 
substrate sequences into the F protein, an M-deficient SeV causes 
degradation substrate sequence-dependent cell fusogenic infection 

25 and spread to contacting cells. 

[Example 21] MMP expression-specific cell fusogenic infection of 
cancer cell lines (Endogenous experiment) : 

Using the SeV prepared in Example 17, an endogenous experiment 

30 was performed to determine whether or not endogenous protease 
selective cell fusogenic infection occurs. An MMP-expressing cancer 
cell line, HT1080 (human fibroblastic sarcoma) (Morodomi, T, et al., 
Biochem. J. 285 (Pt 2), 603-611, 1992), a t PA-expressing cell line, 
MKN28 (human gastric cancer cell line) (Koshikawa, N. et al. r Cancer 

35 Res. 52, 5046-5053, 1992), and a cell line expressing neither protease , 
SW620 (human colon cancer line) , were used. MKN28 was provided from 



105 



Riken Institute of Physical and Chemical Research (Cell No. RCB1000) , 
while HT1080 (ATCC No. CCL-121) and SW620 (ATCC No. CCL-227) , as well 
as SW480 (ATCC No. CCL-228), WiDr (ATCC No. CCL-218), and Panc-1 (ATCC 
No. CRL-1469) that were used in the following Examples were provided 
5 from American type culture collection (ATCC) . The media used at the 
respective institutions that handed out the cells were used in the 
experiment. In addition, FBS was added to all of the media at a final 
concentration of 1% . As shown in Fig. 33, in MMP-expressing cell line, 
HT1080, only the infection with SeV/F (MMP#2 ) AM-GFP spread ten times 
10 or more. Furthermore, in tPA-expressing cell line, MKN28, cell 
fusogenic infection spread with only SeV/F (uPA) AM-GFP . In SW620, 
which expresses neither protease, no spreading of infection was 
observed at all. 

15 [Example 22] Cell fusogenic infection due to MMP induction by phorbol 
ester : 

MMP is reported to be induced in vivo in cancer cells due to 
the growth factors and such existing around the cells. This 
phenomenon can be reproduced in vitro using a phorbol ester, phorbol 

20 12-myristate 13-acetate (PMA) . To investigate infection that occurs 
under reproduced conditions in which MMP expression is induced, Panel, 
a pancreatic cancer cell line known to activate MMP-2 and induce MMP-9 
via PMA, was used to examine the presence or absence of cell fusogenic 
infection by F-modified M-deficient SeV vector (Zervos, E.E. et al., 

25 J. Surg. Res. 84, 162-167, 1999). Panel and other cancer cell lines 
were cultured in a 96-well plate until confluence (5x 10 5 cells/well) . 
The endogenous experiment was performed using SeV prepared in Example 
17. After washing twice with MEM, 50 |uL MEM containing lx 10 5 CIU/mL 
SeV was added for infection (at MOI = 0.01) . The same amount (50 |iL) 

30 of MEM containing 40 nM phorbol 12-myristate 13-acetate (Sigma) was 
added thereto. Simultaneously, FBS was added to the medium at a final 
concentration of 1%. 

The induced expression of MMP-2 and MMP-9 was confirmed by 
gelatin zymography in which the portion where gelat inolyt ic activity 

35 exists becomes clear (Johansson, S., and Smedsrod, B., J. Biol. Chem. 
261, 4363-4366, 1986) . Specifically, the supernatant of each culture 
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was collected and dissolved in a sample buffer. This was mixed with 
acrylamide to a final concentration of 1 mg/mL gelatin to prepare 
an 8% acrylamide gel. After SDS polyacrylamide gel electrophoresis, 
the gel was washed with 10 mM Tris (pH 8.0) and 2.5% Triton X-100, 
5 incubated in gelatinase activation buffer (50 mM Tris, 0.5 mM CaCl 2 , 
10" 6 M ZnCl 2 ) at 37°C for one day, and stained with 1% Coomassie Blue 
R-250, 5% acetic acid, and 10% methanol (top panel of Fig. 34) . "C" 
represents the control, and XX T" the supernatant of a sample induced 
by 20 nM PMA. This panel shows that MMP-9 is induced in HT1080 and 
10 Pane I. Latent MMP-2 has been detected before induction in Pane I. 
However, this latent form is known to have hardly any gelat inolytic 
activity. As shown in Fig. 34 (lower panel), Pane 1 infected with 
SeV/F (MMP#2) AM-GFP indicated cell fusogenic infection by MMP 
induction . 

15 

[Example 23] Spread of infection with SeV/F (MMP#2 ) AM-GFP in an HT1080 
cell line in vivo; 

HT1080 carcinoma-bearing nude mice were produced. 5x 10 6 cells 
of a human f ibroblastoma cell line, HT1080, (50 |aL of lx 10 8 cells/mL) , 

20 were injected subcutaneously to the right dorsal skin of BALB/c nude 
mice (Charles River) . Seven to nine days later, animals having a tumor 
with a diameter of more than 3 mm were used. The volume of the 
carcinoma, its shape presumed to be elliptical, was 30 to 100 mm 3 . 
Fifty (aL of the following F-cleaved SeV was injected once to the 

25 carcinoma: MEM (control) (N=5); MEM containing SeV-GFP (lxl0 8 CIU/mL) 
(N= 5); MEM containing SeV/AM-GFP (lx 10 8 CIU/mL) (N= 7); and MEM 
containing SeV/F(MMP#2) AM-GFP ( lx 10 s CIU/mL) (N=7). Two days later, 
the carcinomas were observed under a fluorescence microscope (Fig. 
35) . Fluorescence is observed only in the area around the injected 

30 site for SeV-GFP and SeV/AM-GFP (Fig. 35E and 35H) . In contrast, for 
SeV/F (MMP#2 ) AM-GFP, fluorescence was observed to spread throughout 
the entire carcinoma (Fig. 35K) . Enlarged images show fluorescence 
from individual cells for SeV-GFP and SeV/AM-GFP, whereas, for 
SeV/F (MMP#2 ) AM-GFP, the shape of the cells is unclear, suggesting 

35 fusion of the cells. Furthermore, the area of the entire carcinoma 
and the area of GFP expression in the above pictures were determined 
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by NIH image. The proportions of the GFP expression region in the 
entire cancer were 10% for SeV-GFP and 20% for SeV/AM-GFP, and, in 
contrast, 90% for SeV/F (MMP#2 ) AM-GFP, clearly indicating the spread 
of infection (Fig. 36). In tissues other than cancer tissues, cell 
f usogenic infection was hardly observed in the fascia and subcutaneous 
connective tissues existing at the border to the cancer cells. Thus, 
under these conditions, infection was determined not to spread to 
normal tissues other than cancer tissues. 

[Example 24 ] Anti-tumor effect of an F-modif ied M-def icient SeV vector 
on carcinoma-bearing nude mice: 

HT1080 tumor-bearing mice were produced in the same manner as 
described in Fig. 35. Eight or nine days later, animals having a tumor 
with a diameter of more than 3 mm were selected, and 50 |uL of the 
following four kinds of F-cleaved SeV were injected to the cancerous 
site: MEM (N= 5); MEM containing SeV-GFP (lx 10 8 CIU/mL) (N= 5); MEM 
containing SeV/AM-GFP (lx 10 8 CIU/mL) (N= 7); and MEM containing 
SeV/F (MMP#2) AM-GFP (lx 10 8 CIU/mL) (N= 7). Two days later, equal 
amounts of SeV were injected again to the cancerous site. The lengths 
of the long axis (a), short axis (b) , and thickness (c) of the cancerous 
site was measured every other day. Assuming the carcinoma is an 
ellipsoid, the carcinoma volume V was calculated as V= tt/6 x abc. The 
carcinoma to which PBS, SeV-GFP, and SeV/AM-GFP were administered, 
respectively, enlarged rapidly. In contrast, 

SeV/F (MMP#2 ) AM-GFP-administered carcinoma, in which the vector had 
spread throughout the carcinoma as shown in Fig. 37, clearly indicated 
no proliferation and remained small. Analysis of significant 
difference by t-test showed that it is significantly smaller compared 
to the other three groups at P< 0.05. This indicates that the vector 
has anticancer effect even without therapeutic genes. 

[Example 25] Production and selective infection of an 
F-uncleaved/F-modif ied M-def icient SeV vector: 

In the production procedure of the SeV vector used above, 
culture was performed in a medium containing a high concentration 

(7.5 jag/mL) of trypsin and 50 U/mL collagenase to induce the cleavage 



108 



of F, and the F-cleaved vector was collected (see Examples 17 and 
18). In the present Example, to accomplish protease-dependent 
selection during infection, an F-uncleaved SeV was produced by 
collecting SeV without adding proteases during production. 
5 Specifically, LLC-MK2/F7/M62/A cells were cultured in a 10-cm 

dish until confluence. Each of the F-modified M-def icient SeVs 
prepared in Example 17 were infected to cells (MOI = 5) . One hour later, 
the supernatant was removed and washed twice with MEM medium. 4 mL 
MEM was added to the cells and then cultured at 32°C. Five days later, 

10 the supernatant was collected, and bovine serum albumin (BSA) was 
added to a final concentration of 1%. After measuring the HAU titer, 
the supernatant was stored at -70°C until use. Each of the F-modified 
M-def icient SeVs were collected in the range of 2 7 to 2 10 HAU / mL (1 
HAU= lx 10 6 viral particles/mL, and therefore this corresponds to lx 

15 10 8 to lx 10 9 particles/mL) and were adjusted to lx 10 8 particles /mL 
by dilution. 

The results of this exogenous experiment confirmed the 
production of vectors that infect LLC-MK2 in MMP-dependent and uPA- 
or tPA-dependent manners by SeV/F (MMP#2 ) AM-GFP and SeV/F (uPA) AM-GFP, 

20 respectively (the data of exogenous proteases are not shown) . In 
addition, whether selective infection due to protease expression is 
possible in MMP-expressing HT1080 strain, t PA-expressing MKN28 strain, 
and SW620 which hardly expresses the proteases, was tested by 
endogenous experiments (Fig. 38). SeV/F (MMP#2 ) AM-GFP infects to 

25 MMP-expressing HT1080 strain, but not to tPA-expressing MKN28 strain. 
SeV/F (uPA) AM-GFP infects to tPA-expressing MKN28 strain but not to 
MMP-expressing HT1080 strain. As shown above, each of the SeVs showed 
selective infection in a protease-dependent manner. 

30 [Example 26] F-modified M-def icient SeV vector infection due to MMP-3 

and MMP-7 induction via human fibroblasts: 

SW480 and WiDr were shown to induce MMP-3 and MMP-7, 

respectively, through co-culture with fibroblasts or in vivo culture 

(Kataoka, H. et al. f Oncol. Res. 9, 101-109, 1997; Mc Donnell, S. 
35 etal., Clin. Exp. Metastasis. 17, 341-349, 1999). These cells were 

used to investigate whether infection of F-modified M-deficient SeV 
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vector changes in vivo. Each cancer cell line was cultured in a 
96-well plate until confluence (5x 10 4 cells/well) . After washing 
twice with MEM, 50 |aL MEM containing 1 HAU/mL (1 HAU= lx 10 6 viral 
particles/mL, and thus, corresponding to lx 10 6 particles/mL) of 
5 F-uncleaved SeV, was added* for infection. Normal human lung 
fibroblasts (TAKARA) were added at a concentration of 5x 10 4 cells/well 
to the cells and cultured for four days at 37°C (Fig. 39) . SW480 and 
WiDr were infected by SeV/F (MMP#2 ) AM-GFP, through co-culturing with 
human fibroblasts. Such a phenomenon is not observed in SW620, which 
10 is not inducible. 

[Example 27] MMP-select ive infection of an F-modified M-deficient 
SeV vector to human aortic smooth muscle cells: 

Aberrant expression of MMP has been reported in 
arteriosclerosis, rheumatoid arthritis, wound healing, in addition 
to cancer (Galis, Z.S., and Khatri, J. J., Circ. Res. 90, 251-262, 
2002; Martel-Pelletier, J. et al. r Best Pract. Res. Clin. Rheumatol. 
15, 805-829, 2001) . 

To demonstrate the applicability of F-modified M-deleted SeV 
vectors to these diseases, MMP-selective infection of the vectors 
to human aortic smooth muscle cells was directed. Human smooth muscle 
cells (TAKARA) were cultured in a 96-well plate until confluence (5x 
10 5 cells/well) . After washing twice with MEM, 50 |uL MEM containing 
SeV (F-uncleaved form: 1 HAU/mL (lx 10 6 particles/mL) ) was added to 
the cells for infection. The equal amount (50 \iL) of 

protease-containing MEM was added thereto and cultured for four days 
at 37 °C. The number of cells expressing GFP per cells in 1 mm 2 was 
counted (Fig. 40) . Infection of SeV/AM-GFP was enhanced only by the 
addition of trypsin, whereas infection of SeV/F (MMP#2 ) AM-GFP was 
enhanced by the addition of collagenase, MMP-2, MMP-3, and MMP-9. 

[Example 28] Protease-dependent cleavage of the F protein in 
F-modified M-deficient SeV vectors: 

As shown in Example 20, by incorporating each of the protease 
35 degradation sequences into the F protein, F-modified M-deficient SeV 
vector showed cell fusogenic infection dependent on those degradation 
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sequences. Furthermore, whether cleavage of F0 occurs in a 
protease-dependent manner after modification was confirmed by Western 
blotting. Sampling of viruses was performed by the following method. 
Three types of viral particles, SeV/AM, SeV/F (MMP#2 ) AM, and 
5 SeV/F (uPA) AM, were infected at MOI= 3 to M protein-induced helper 
cells. Two days after infection, the supernatants were collected and 
centrifuged at 18,500 xg for three hours, and the precipitates were 
resuspended in PBS. To each of the virus suspensions, proteases were 
added at final concentrations of 7.5 |ig/mL for trypsin, 0.1 ng/mL 

10 for MMP-9, and 0.1 ng/mL for uPA and incubated at 37 °C for 30 minutes. 
Sample buffer was added to each mixture to prepare SDS-PAGE samples. 
SDS-PAGE and Western blotting were performed according to standard 
methods (Kido, H. et al. "Isolation and characterization of a novel 
trypsin-like protease found in rat bronchiolar epithelial Clara cells. 

15 A possible activator of the viral fusion glycoprotein." J Biol Chem 
267 , 13573-13579, 1992) . Rabbit anti-Fl antibody was obtained as 
antiserum by immunization of a mixture of three synthetic peptides 
( FFGAVIGT+Cys : 117-124, EAREAKRDIALIK : 143-155, and CGTGRRPISQDRS : 
401-413; which are SEQ ID NOs : 46, 47, and 48, respectively). 

20 HRP-labeled anti-rabbit IgG antibody (ICN, Aurola, OH) was used as 
the secondary antibody, and chemical fluorescence method (ECL Western 
blotting detection reagents; Amersham Biosciences, Uppsala, Sweden) 
was used for detecting developed colors. Fig. 41 shows the results 
of treatment with an M-deficient SeV vector comprising unmodified 

25 F (1, 4, 7, and 10), an M-deficient SeV vector inserted with MMP#2 
sequence into F (2, 5, 8, and 11), and an M-deficient SeV vector 
inserted with uPA sequence into F (3, 6, 9, and 12) with the 
above-mentioned proteases at 37 °C for 30 minutes. 

As shown in Fig. 41, cleavage of Fl occurred, according to the 

30 respective inserted protease substrates, i.e., in the presence of 
trypsin for the M-deficient SeV vector with unmodified F, in the 
presence of MMP for the M-deficient SeV vector inserted with MMP#2 
sequence into F, and in the presence of uPA for the M-deficient SeV 
vector inserted with uPA into F. Although not shown herein, for the 

35 M-deficient SeV vector into which uPA sequence is inserted, cleavage 
of Fl was observed in the presence of trypsin when the degradation 
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time was prolonged to four hours. This agrees well with the results 
of Example 20, and indicates that syncytium formation occurs in an 
F cleavage-dependent manner. 
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[Example 29] Increase of fusibility by cytoplasmic domain-deletion 
of the F protein: 

Infiltration of the paramyxovirus to the host is accomplished 
by the fusion of the viral membrane and the host cell membrane. In 
5 this infiltration mechanism, the HN protein of the Sendai virus binds 
to the sialic acid of the host, and the F protein causes cell membrane 
fusion. During this step, the conformational change of the F protein 
resulting from the binding of HN has been suggested to be important 
(Russell, C.J., Jardetzky, T.S. and Lamb, R.A. , "Membrane fusion 

10 machines of paramyxoviruses: capture of intermediates of fusion." 
EMBO J. 20, 4024-34, 2001) . Therefore, most of the F proteins of 
paramyxoviruses do not show fusogenicity of cells when they are 
expressed alone on cells. Only cells that simultaneously express the 
HN protein have f usipgenicity . The deletion of cytoplasmic domains 

15 within the F and HN proteins in a paramyxovirus is known to increase 
its fusiogenicity (Cathomen, T., Nairn, H.Y. and Cattaneo, R. , "Measles 
viruses with altered envelope protein cytoplasmic tails gain cell 
fusion competence." J. Virol. 72, 1224-34, 1998). To determine which 
deletion mutant of the cytoplasmic domain of the F protein in Sendai 

20 virus causes the largest increase in fusogenicity, deletion mutants 
were prepared and inserted into pCAGGS expression vector (Niwa, H. 
et al. f Gene 108, 193-199, 1991). An HN-carrying pCAGGS was 
co-transf ected and the resulting fusogenicity was confirmed from the 
number of formed syncytia. 

25 PCR was performed on each of the mutant genes, in which the 

cytoplasmic domain of F had been deleted, using the primers as shown 
below, the resulting fragments were treated with Xhol and Notl , and 
then ligated to the pCAGGS vector. Primers used for PCR were as 
follows : 

30 Fct27 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 49, 
and 5' -ATAGTTTAGCGGCCGCTCATCTGATCTTCGGCTCTAATGT-3' /SEQ ID NO: 50); 
Fctl4 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 51, 
and 5' -ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC-3 / /SEQ ID NO: 52); 
and 

35 Fct4 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 53, 
and 5' -ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC-3' /SEQ ID NO: 54) 
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(Kobayashi M. et al., J. Viol., 77, 2601, 2003). 

To measure cell f usogenicity , LLC-MK2 or HT1080 cells were 
plated onto a 24-well plate to reach confluence. 3 jiL Fugene 6 was 
mixed with 50 jxL Opti-MEM. 2 jag of each pCAGGS expression plasmid 
5 was mixed with an equal amount of pCAGGS/EGFP, and then added to the 
mixture of Opti-MEM and Fugene 6. After standing at room temperature 
for 15 minutes, this mixture was added to the 24-well plate in which 
the media was replaced with 500 |aL MEM medium. After culturing at 
37 °C under 5% CO2 for three hours, the medium was replaced with MEM 

10 containing 1% FBS for HT1080, and MEM containing 7.5 jag/mL trypsin 
or a predetermined concentration of type IV collagenase (Clostridium) 
for LLC-MK2 . After culturing for 48 hours, the number of fused 
syncytia per xlOO visual field (0.3 cm 2 ) of an inverted microscope 
was counted. Alternatively, the cultured cells were fixed in 4% 

15 paraformaldehyde for two hours, transferred to 70% ethanol and then 
to distilled water, stained for five minutes with hematoxylin, and 
washed with water to count the number of syncytium-f orming nuclei 
in every 0.3 cm 2 . 

Three kinds of amino acid sequences of the F protein in which 

20 the cytoplasmic domain has been deleted are shown in Fig. 42(A), and 
their fusion activities are shown in Fig. 42 (B) . As indicated in 
Fig. 42(B), cells in which only the F protein were expressed did not 
fuse, but co-transf ection of HN induced f usogenicity . Furthermore, 
the F protein (Fctl4) having a sequence in which 28 amino acids were 

25 deleted so that the cytoplasmic domain becomes 14 amino acids was 
found to show the highest f usogenicity . 

[Example 30] Drastic increases in fusogenicity caused by the F/HN 
chimeric protein: 

30 The envelope proteins of the paramyxovirus, the F and HN 

proteins form a trimer and a tetramer, respectively, on the cell 
membrane, and are known to interact with each other through their 
ectodomains and M protein (Plemper, R.K., Hammond, A.L. and Cattaneo, 
R. , "Measles virus envelope glycoproteins hetero-oligomerize in the 

35 endoplasmic reticulum." J. Biol. Chem. 276, 44239-22346, 2001). As 
shown in Fig. 42, the F protein alone does not show fusogenicity, 
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and the HN protein is essential for its f usogenicity . Therefore, a 
chimeric protein comprising the F and HN proteins was produced to 
produce vectors having enhanced fusogenicity by simultaneously 
expressing the F and HN proteins as a fusion protein on the same cell 
5 membrane. The F protein is a type II membrane protein and HN is a 
type I membrane protein. Therefore, as shown in Fig. 43(A), the 
chimeric protein (Fctl4/HN) was prepared to form a U-shape on the 
cell membrane and comprise two transmembrane domains. Fctl4 showing 
high fusogenicity was used as the F protein. A linker sequence 

10 consisting of 50 amino acids was inserted between the two proteins 
(Fct 14 /Linker/HN) . According to database searches at present, this 
linker sequence does not show homology to any protein. (A non-sense 
sequence synthesized by inverting from the N-terminus to C-terminus 
of the amino acid sequence of the cytoplasmic domain of env of simian 

15 immunodeficiency virus (SIVagm) was used.) 

The method for producing the expression plasmid of the F/HN 
chimeric protein gene is specifically described below. The F/HN 
chimeric protein gene was inserted into the pCAGGS vector. PCRs were 
performed on the F gene and the HN gene, respectively, and the obtained 

20 two fragments were ligated to pCAGGS . During this step, a 150-bp 
linker gene (50 amino acids) was inserted or nothing was inserted 
between the F/HN genes. The sequences of the primers utilized are 
shown below: F gene primers (F-F: 

5' -ATCCGAATTCAGTTCAATGACAGCATATATCCAGAG-3 ' /SEQ ID NO: 55 and 
25 Fctl4-R: 5' -ATCCGCGGCCGCCGGTCATCTGGATTACCCATTAGC-3 ' /SEQ ID NO: 56) ; 
Linker/HN gene primers (Linker-HN-F : 

5 ' -ATCCGCGGCCGCAATCGAGGGAAGGTGGTCTGAGTTAAAAATCAGGAGCAACGACGGAGGT 

GAAGGACCAGAGGACGCCAACGACCCACGGGGAAAGGGGTGAACACATCCATATCCAGCCATCT 

CTACCTGTTTATGGACAGAGGGTTAGG-3 ' / SEQ ID NO: 57) 
30 and HN-R: 5 ' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCATAA-3 ' /SEQ ID NO: 58); 

and HN gene primers ( 5 ' -ATCCGCGGCCGCAATGGATGGTGATAGGGGCA-3 ' /SEQ ID 

NO: 59 and 5 ' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCA-3 ' /SEQ ID NO: 60). 

As shown in Fig. 43 (B) , although a chimeric protein without the 

linker sequence shows low fusogenicity, insertion of a linker 
35 drastically increases the fusion activity to approximately five times 

to that obtained by co-transf ection of the F and HN proteins. 
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[Example 31] Maintenance of the function of fusogenicity and substrate 
specificity : 

In order to acquire fusogenicity, the F protein not only has 
5 to be expressed simultaneously with the HN protein, but also has to 
be cleaved into two subunits (Fl and F2 ) by a protease. In Figs. 42 
and 43, the fusogenicity is measured in the presence of trypsin, and 
the fusogenicity is completely absent under conditions without 
trypsin. The cleavage sequence of the F protein was modified in the 

10 Fctl4/Linker/HN chimeric protein shown in Fig. 43 so that it acquires 
fusogenicity in an MMP-dependent manner. Many degradation substrate 
sequences of MMP have been reported. Among them, eight kinds of 
sequences were modified. The amino acid sequence of the cleavage site 
was modified as shown in Fig. 44 (A) using QuickChange™ Site-Directed 

15 Mutagenesis Kit (Stratagene, La Jolla, CA) . The sequence of the 
fusion peptide after cleavage by a protease was considered in the 
modification. The N-terminal region of Fl of the paramyxoviral F 
protein, which is called the fusion peptide, is reported to be 
important for its fusion activity, and fusogenicity of the F protein 

20 is sometimes lost by the mutation of amino acids in that region (Bagai, 
S. and Lamb, R.A., "A glycine to alanine substitution in the 
paramyxoviral SV5 fusion peptide increases the initial rate of 
fusion. " Virology 238, 283-90, 1997). Therefore, the sequence of the 
N-terminal region of Fl whose importance has been indicated was left 

25 untouched. In that case as well, when inserting the general 
six-residue sequence known as a degradation substrate of MMP, the 
design of Fl after degradation by MMP involved addition of three 
residues to the N-terminus. This indicates that the addition may 
allow degradation by MMP, but may affect the fusogenicity of the F 

30 protein. Thus, in designing an F protein that undergoes 
MMP-dependent cleavage for activation, following two points must be 
taken into account: (1) substrate specificity by MMP; and (2) 
maintenance of fusogenicity of the F protein after cleavage. 

MMP#1 is most well-known sequence as a synthetic substrate of 

35 MPP. This sequence is also used for targeting other MMPs . MMP#3 and 
MMP#8 are also commercially available sequences as synthetic 
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substrates. The sequence of the degradation substrate, PLGMWS, of 
MMP-2 and MMP-9 were modified to PLGMTS and PQGMTS (SEQ ID NOs : 61 
and 62, respectively) as MMP#2 and MMP#6, respectively, according 
to the consensus sequence, Pro-X-X-Hy- ( Ser/Thr ) for MMP-9 which was 
5 revealed by phage display. MMP#5 was constructed as PQGLYA (SEQ ID 
NO: 63) according to the report by Shneider et al- (American Society 
of Gene therapy, Annual meeting No. 1163, 2002, Boston). In MMP#4, 
the sequence of the fusion peptide after degradation is not modified. 
The sequence of MMP#7 was found by a phage display method for MMP-2 . 

10 The details of the preparation of expression plasmids that have 

a modified F activation site in the F/HN fusion gene are shown below. 
After constructing the F/HN fusion gene, mutagenesis of the activation 
site of the F protein was performed on pBluescript F/HN. To introduce 
mutation, QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La 

15 Jolla, CA) was used according to the method described in the kit. 
The sequences of synthetic oligos used for the mutagenesis were as 
follows : 
F(MMP#1) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGT 
20 GCTGfGATTGGTACTATCG-3' /SEQ ID NO: 64, and 

5' -CGATAGTACCAATCACAGCACCGAAGAATaa 

CccCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3 ' /SEQ ID NO: 65); 
F (MMP#2) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTG 
25 TGATTGGTACTATC-3' /SEQ ID NO: 32, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG-3' /SEQ ID NO: 33); 
F (MMP#3) : 

(5' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGTGCTG 
30 TGATTGGTACTATCG-3 ' /SEQ ID NO: 34, and 

5 ' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCaGGccAagAggGGCATTTTGTGTCGT 
ATCATTGGTGACAG-3 ' /SEQ ID NO: 35); 
F(MMP#4) : 

(5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-33' /SEQ ID NO: 
35 36, and 5' -AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG-3' /SEQ ID 
NO: 37); 
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F(MMP#5) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTcagggCttGtat gctTTCTTCGGTGCTG 
TGATTGGTACTATC-3' /SEQ ID NO: 66, and 

5' -GATAGTACCAATCACAGCACCGAAGAAagcataCaaGccctgAggGGCATTTTGTGTCGTA 
5 TCATTGGTGACAG-3' /SEQ ID NO: 67); 
F (MMP#6) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTcaaggCatGaCGAGtTTCTTCGGTGCTG 
TGATTGGTACTATC-3 3' /SEQ ID NO: 68, and 

5' -GATAGTACCAATCACAGCACCGAAGAA 

10 aCTCGtCatGccttgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3 ' / SEQ ID NO: 69); 
F(MMP#7) : (5' - 

CTGTCACCAATGATACGACACAAAATGCCctTgcTtaCtataCGgctTTCTTCGGTGCTGTGAT 
TGGTACTATC-3' /SEQ ID NO: 70, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAagcCGtat aGtaAgcAagGGCATTTTGTGTCGTA 

15 TCATTGGTGACAG-3' /SEQ ID NO: 71); and 
F(MMP#8) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCt tGgCGAGaTTCTTCGGTGCTG 
TGATTGGTACTATC-3' /SEQ ID NO: 72, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAtCTCGcCaaGccAagAggGGCATTTTGTGTCGTA 
20 TCATTGGTGACAG-3' /SEQ ID NO: 73). 

The lower case letters indicates the mutated nucleotides. 
After modification, the sequences were cut out with EcoRI and ligated 
to pCAGGS. 

Each of the vectors comprising the respective sequences and a 
25 vector comprising the EGFP gene (pCAGGS/EGFP) were mixed at equal 
amounts, and the mixture was transfected to HT1080 that highly express 
MMP. As a result, only when the genes of the sequences of MMP#2 and 
MMP#6 had been introduced, cell fusion occurred, and syncytia were 
formed (Fig. 4 (B) ) . These sequences are in common that an Hy-S/T-S/T 
30 sequence (MTS) is added to the N-terminus of the Fl protein after 
cleavage with the protease. Therefore, the addition of the 
Hy-S/T-S/T sequence (particularly MTS sequence) was considered to 
very likely fulfill the requirements (1) cleavage of the F protein 
by HT1080-derived MMP, and (2) maintenance of fusogenicity of the 
35 F protein after cleavage. On the other hand, no cell fusion was 
observed for MMP#1, MMP#3, MMP#4, MMP#5, MMP#7, and MMP#8 at all. 
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Since all the sequences, with the exception of MMP#4, are derived 
from synthetic substrates of MMP and are expected to be cleaved by 
proteases, the peptide of three amino acids added to Fl was suggested 
to limit the activity of the cleaved F protein . Regarding MMP#4 , under 
5 this condition, it is highly unlikely that the cleavage itself does 
not take place. While the data is not shown, this is obvious from 
the fact that syncytium formation is observed with MMP#4 due to 
induction of MMP by the phorbol ester in HT1080. 

Furthermore, in addition to the comparison of the fusogenicity 

10 of the sequences of MMP#2 and MMP#6, the MMP concentration-dependent 
cell fusogenicity of a sequence in which the 7th and 12th residues 
from the N-terminus of the fusion peptide sequence of #6 were modified 
from G to A was measured (Fig. 45) . The sequences of synthetic oligos 
used for mutagenesis of this F/HN fusion gene were as follows: 

15 5' -CTTCGGTGCTGTGATTGcTACTATCGCACTTGcAGTGGCGACATCAGCAC-3' (SEQ ID 
NO: 74) 

and 5' -GTGCTGATGTCGCCACTgCAAGTGCGATAGTAgCAATCACAGCACCGAAG-3' (SEQ 
ID NO: 75) . The lower case letters indicate the mutated nucleotides. 
Preparation of expression plasmids was performed similarly as 

20 described above by, after mutagenesis, cutting out the sequence with 
£coRI and then ligating to pCAGGS . 

As a result, MMP#6 was found to have two to three times higher 
fusogenicity compared to MMP#2 . Importantly, MMP#6 induces cell 
fusion even under low protease concentration conditions. Namely, 

25 accomplishes activation of the F protein at low concentrations. 
However, when a mutation from G to A, which has been reported as a 
mutation increasing the fusogenicity of the F protein ( Peisa j ovich, 
S.G., Epand, R.F., Epand, R.M. and Shai, Y., "Sendai viral N-terminal 
fusion peptide consists of two similar repeats, both of which 

30 contribute to membrane fusion." Eur. J. Biochem. 269, 4342-50, 2002) 
was further introduced (#6G12A), the fusogenicity decreased to 1/10 
or less. These results revealed that, by simply inserting a protease 
cleavage sequence to modify the tropism by a protease, the activity 
of the F protein cannot be maintained and causes loss of fusogenicity 

35 in most cases. When constructing a virus by introducing an objective 
degradation sequence, the fusogenicity can be confirmed using this 
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system. * In addition, since a significant fusion activity is 
exhibited by the Fct 14 /Linker /HN alone carried on pCAGGS, 
transfection of this plasmid is predicted to have antitumor effects. 
Moreover, by introducing this chimeric protein into the M-deficient 
5 Sendai virus, further increase of antitumor effects is expected. 

[Example 32] Construction of an improved F-modified M-deficient SeV 
genomic cDNA with increased f usogenicity : 

Examples 29 and 30 showed increases in fusogenicity through the 

10 modification of the F protein carried on the pCAGGS vector. Through 
similar modification of the M-deficient Sendai viral vector, 
preparation of an improved F-modified AM SeV, in which fusogenicity 
is increased, was expected. Gene construction of the improved 
F-modified M-deficient SeV genomic cDNA was performed by the method 

15 as described below. SeV/F (MMP#6) AM-GFP was constructed according to 
the same method as in Example 16. Mutation of the F gene was performed 
on LITMUSSall /Nhelf rgAM-GFP using the oligonucleotide of SEQ ID NO: 
69, and QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La 
Jolla, CA) according to the method described in the kit. The cDNA 

20 of SeV/F (MMP#6) AM-GFP was constructed by ligating a Sail and 
Nhel-digested fragment of the mutated LITMUSSall/Nhelf rgAM-GFP and 
a fragment comprising the NP gene (obtained by Sail and Nhel digestion 
of the F-deficient Sendai viral full-length genomic cDNA carrying 
the EGFP gene at the F-deleted site (pSeV+18/F-GFP; Li, H et al., 

25 J. Viol. 74, 6564-6569, 2000; WO00/7007 0 ) ) ( Fig . 46). Multicloning 
site Sendai viral cDNA (referred to as pSeV(TDK) ) (JP-A 2002-272465) 
was used as the basic framework for the construction of M-deficient 
Sendai virus in which 28 amino acids of the cytoplasmic domain of 
the F protein were deleted (SeV (TDK) /Fctl4 (MMP#6) AM-GFP) and 

30 M-deficient Sendai virus carrying the F/HN chimeric protein 
(SeV (TDK) /Fct 14 (MMP#6) /Linker/HN AM-GFP) . The M-deficient Sendai 
virus, SeV (TDK) /Fctl4 (MMP#6) AM-GFP, in which the cytoplasmic domain 
of the F protein has been truncated, was constructed as follows . Since 
TDK was used as the framework, firstly, pSeV (TDK) /AM-GFP was 

35 constructed. GFP/EIS (GFP added with the EIS sequence encoding 
transcription initiation and termination signals) was amplified by 
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PCR using synthetic primers (Nhe-GFP-F: 

ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: 94), and 
GFP-EIS-BssHII : 

ATCCGCGCGCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
5 AGCTCGTC (SEQ ID NO: 95)) with LITMUSSall/Nhelf rgAM-GFP as a template . 
Nhel and BssHII treatments were performed on the multicloning site 
of Sendai viral cDNA and the amplified GFP/EIS, and the resulting 
fragments were ligated to substitute the M protein with GFP in order 

to prepare pSeV (TDK) /AM-GFP . 

10 Fctl4 (MMP#6) was amplified by PCR with 

pCAGGS/Fctl4 (MMP#6) /Linker/HN prepared in Example 31 as a template, 
using synthetic primers, Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG 
(SEQ ID NO: 96) and * Fctl4-EIS-SalI : 

ATCCGTCGACACGATGAACTTTCACCCTAAGTTTTTCTTACTACTTTAACGGTCATCT 

15 GGATTACC (SEQ ID NO: 97). The Fctl4 (MMP#6) was inserted into the 
position of F to replace the F gene, resulting in the construction 
of pSeV (TDK) /Fctl4 (MMP#6) AM-GFP (Fig. 46). Next, an M-deficient 
Sendai virus carrying an F/HN chimeric protein 

(pSeV (TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP ) was constructed. GFP/EIS 

20 was amplified by PCR with GFP as a template, using synthetic primers 
(Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: 98) and 
GFP-EIS-Sall : 

ATCCGCTAGCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
AGCTCGTC (SEQ ID NO: 99) ) . The GFP/EIS and multicloning site Sendai 

25 viral cDNA were treated with Nhel and Sail. The resulting fragments 
were ligated to delete the M and F genes, and substitute with GFP 
to produce pSeV (TDK) /AMAF-GFP . Fctl4 (MMP#6) /Linker/HN was 

amplified by PCR with Fctl4 (MMP#6) /Linker/HN prepared in Example 31 
as template, using synthetic primers (F/HN5' Nhe-F: 

30 ATCCGCTAGCAGTTCAATGACAGCATATATCCAGAG (SEQ ID NO: 100), and 
F/HN3' Nhe-EIS-R: 

ATCCGCTAGCACGATGAACTTTCACCCTAAGTTTTTCTTACTACTTTTAAGACTCGGCCTTGCA 
TAA (SEQ ID NO: 101)). pSeV ( TDK) /Fct 14 (MMP# 6 ) /Linker/HNAM -GFP was 
constructed by ligating Fct 14 (MMP#6) /Linker/HN to the Nhel site of 
35 the above-mentioned pSeV (TDK) /-AMAF-GFP . 
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[Example 33] Reconstitution and amplification of the improved 
F-modified M-def icient Sendai virus: 

Reconstitution of a virus from the cDNA constructed in Example 
32 was performed according to procedure reported by Li et al. (Li, 
5 H.-O. eta!., J. Virology 74, 65 64-6569, 2 000; WO 00/7 007 0) . However, 
since the cDNA was of the M-def icient form as in Example 17, helper 
cells that provide the M protein in trans (Example 11) were used. 
Cre/loxP expression induction system was used for the production of 
helper cells. This system uses a plasmid, pCALNdLw, that is designed 

10 to inducibly express gene products by Cre DNA recombinase (Arai, T. 
et al., J. Virol. 72, 1115-1121, 1988). The inserted gene was 
expressed by infecting a recombinant adenovirus (AxCANCre) , which 
expresses Cre DNA recombinase, to the transformant of this plasmid 
by the method of Saito et al. (Saito, I. et al., Nucleic Acids Res. 

15 23, 3816-3821, 1995) ; Arai, T. et al. , J. Virol. 72, 1115-1121, 1998) . 
The M-deficient SeV in which the activation site of the F protein 
is substituted was reconstituted as described below. LLC-MK2 cells 
were plated onto a 100-mm dish at 5x 10 6 cells/dish, cultured for 24 
hours, and then infected at room temperature for one hour with 

20 recombinant vaccinia virus (at MOI = 2) expressing T7 polymerase 
(PLWUV-VacT7 : Fuerst, T.R. et al., Proc . Natl. Acad. Sci . USA 83, 
8122-8126, 1986) , which had been treated with psoralen under 
ultraviolet A (365 nm) for 20 minutes. The cells were washed with 
serum- free MEM . pSeV/F (MMP#6) AM-GFP (alternatively, 

25 pSeV (TDK) /Fctl4 (MMP#6) AM-GFP or 
pSeV (TDK) /Fctl4 (MMP#6) /Linker /HN AM-GFP) , pGEM/NP, pGEM/P, pGEM/L 
(Kato, A. etal., Genes Cells 1, 569-579, 1996), pGEM/M, and pGEM/F-HN 
(Li, H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070) 
plasmids were suspended in Opti-MEM (Gibco-BRL, Rockville, MD) at 

30 densities of 12 jug, 4 jig, 2 jag, 4 |ug, 4 jag, and 4 jug/dish, respectively. 
SuperFect transfection reagent (Qiagen, Bothell, WA) corresponding 
to 5 jiL per 1 jag DNA was added to the mixture and mixed. After leaving 
standing at room temperature for 15 minutes, the mixture was 
ultimately mixed to 3 mL of Opti-MEM comprising 3% FBS, added to the 

35 cells, and then cultured. After culturing for five hours, the cells 
were washed- twice with serum-free MEM, and then cultured in MEM 
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containing 40 jag/mL cytosine p-D-arabinof uranoside (AraC: Sigma, St. 
Louis, MO) and 7.5 |Lig/mL trypsin (Gibco-BRL, Rockville, MD) . After 
culturing for 24 hours, cells continuously expressing the F protein 
(LLC-MK2/F7/M62/A: Example 12) were layered at 8 . 5x 10 6 cells/dish, 
5 and cultured for another two days at 37 °C in MEM containing 40 jag/mL 
AraC and 7.5 jag/mL trypsin (P0) . These cells were collected, and the 
pellets were suspended in Opti-MEM at 2 mL/dish. After repeating the 
cycle of freezing and thawing for three times, the lysate was directly 
transfected to LLC-MK2/F7/M62/A, and the cells were cultured at 32°C 

10 in serum-free MEM containing 40 jig/mL AraC, 7.5 |Lig/mL trypsin, and 
50 U/mL type IV collagenase (ICN, Aurola, OH) (only trypsin for 
pSeV(TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP) (PI). Three to 14 days 
later, a portion of the culture supernatant was collected, infected 
to freshly prepared LLC-MK2/F7/M62/A, and the cells were cultured 

15 at 32°C in serum-free MEM containing 40 |ag/mL AraC, 7 . 5 |ag/mL trypsin, 
and 50 U/mL type IV collagenase (only trypsin for 
pSeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) (P2). Three to 14 days 
later, of the culture was infected to freshly prepared 
LLC-MK2/F7/M62/A and the cells were cultured for three to seven days 

20 at 32 °C in serum-free MEM containing 7.5 p,g/mL trypsin and 50 U/mL 
type IV collagenase (only trypsin for 

pSeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) (P3) . The culture 

supernatant was collected, BSA was added thereto at a final 
concentration of 1%, and stored at -80°C. The stock virus solution 

25 was thawed, and used for later production and in vitro experiments. 

As described above, SeV/F (MMP# 6 ) AM-GFP in which the F protein 
cleavage site was modified from PLGMTS (SEQ ID NO: 61) to PQGMTS (SEQ 
ID NO: 62), SeV (TDK) /Fct 14 (MMP#6) AM-GFP in which 28 amino acids were 
deleted from the cytoplasmic domain, and 

30 SeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP carrying the F/HN chimeric 
protein were successfully produced. 

[Example 34] Increase of fusogenic activity in the improved F-modified 
M-deficient Sendai viral vectors: 
35 In order to investigate the performance of the viruses produced 

in Example 33, various cancer cell lines having different expression 
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levels of MMP-2 and MMP-9, and LLC-MK2, in which MMP expression is 
not detected, were infected as described below, and the cell 
f usiogenicities of the vectors were measured (Fig. 47) . Each of the 
cancer cells (HT1080, U87MG, A172, U251, SW480, and LLC-MK2) was 
5 plated onto a 24-well plate with a media indicated by the supplier 
to be confluent . U87MG (ATCCNo. HTB-14) and A172 (ATCCNo. CRL-1620) 
were purchased from ATCC. U251 (IFO50288) was purchased from JCRB 
cell bank. After washing twice with MEM medium, each of the 
M-deficient Sendai viral vectors (SeV/AM-GFP) was infected at MOI= 

10 0.1. The cells were left standing at room temperature for one hour 
and washed with MEM medium, and then 0.5 mL of MEM containing 1% FBS 
was added to the 24-well plate. After culturing for 48 hours, the 
number of fused syncytia per X100 visual field (0.3 cm 2 ) of an inverted 
microscope was counted. Alternatively, the cultured cells were fixed 

15 in 4% paraformaldehyde for two hours, transferred to 70% ethanol and 
then to distilled water, stained for five minutes with hematoxylin, 
and washed with water to count the number of syncyt ium-f orming nuclei 
in every 0.3 cm 2 . The results are shown in Fig. 49. 

The expression of MMP-2 and MMP-9 was confirmed by gelatin 

20 zymography performed in Example 22 (Fig. 48). As a result, expression 
of MMP-2 in HT1080, U87MG, and A172 was confirmed. Furthermore, low 
level of MMP-9 expression was confirmed in U251 and SW480. The 
apparent expression of MMP-2 in LLC-MK2 is due to the activity of 
MMP-2 in the 1% serum contained in the medium. Two days after 

25 infection of each of the cancer cell lines, the spread of GFP was 
observed. As a result, fusogenic activity was observed in U251 and 
SW480, which did not show the spread of infection with the conventional 
SeV/F (MMP#2) AM-GFP, infected with the improved F-modified 
M-deficient Sendai viral vector. In particular, those infected with 

30 the M-deficient Sendai viral vector carrying the F/HN chimeric protein 
(SeV(TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP) showed fusogenic activity. 
Although data is not shown, murine Lewis lung carcinoma and murine 
colon-26 carcinoma as well showed fusogenic activity due to infection 
with improved M-deficient Sendai viral vectors. The improvement of 

35 vector is expected to effect to further enhance the effect and exhibit 
effect on cancers with low concentration of MMP. 
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Industrial Applicability 

The present invention provides vectors that specifically spread 
infection in the presence of an objective protease. The vectors of 
5 the present invention do not show significant production of virus-like 
particles, and are transferred to neighboring surrounding cells only 
by cell fusion. Therefore, the vectors of the present invention are 
useful for infecting vectors locally to a limited area of the tissue 
of interest. In particular, the present invention provides vectors 
10 that specifically spread their infection to cancer. These vectors 
have strong inhibitory effects on tumor proliferation. Gene therapy 
for cancer using the vectors of this invention is very likely to become 
a novel cancer treatment with little side-effects. 
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CLAIMS 

1. A complex comprising a genomic RNA of paramyxovirus wherein (a) 
a nucleic acid encoding an M protein is mutated or deleted, and (b) 

5 a modified F protein, whose cleavage site sequence is substituted 
with a sequence that can be cleaved by a protease that does not cleave 
the wild-type F protein, is encoded, said complex further comprising 
the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
10 the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
with the cell transfected with the complex in the presence of the 

15 protease. 

2. The complex of claim 1, wherein said complex is a viral particle. 
3 . The complex of claim 2 , further comprising the wild- type F protein . 

20 

4. The complex of any one of claims 1 to 3, wherein the paramyxovirus 
is Sendai virus. 

5. The complex of any one of claims 1 to 4, wherein the protease is 
25 a protease whose activity is enhanced in cancer. 

6. The complex of any one of claims 1 to 5, wherein the protease is 
a matrix metalloproteinase or plasminogen activator. 

30 7. The complex of any one of claims 1 to 6, wherein the sequence 
cleaved by the protease comprises Pro-Leu-Gly , Pro-Gln-Gly, or 
Val-Gly-Arg. 

8. The complex of any one of claims 1 to 7, wherein a cytoplasmic 
35 domain of the wild-type F protein is partially deleted in the modified 
F protein. 
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9. The complex of any one of claims 1 to 8, wherein the modified F 
protein is fused with an HN protein. 

5 10 . A method for producing a viral particle which comprises a genomic 
RNA of paramyxovirus wherein (a) a nucleic acid encoding an M protein 
is mutated or deleted, and (b) a modified F protein, whose cleavage 
site sequence is substituted with a sequence that can be cleaved by 
a protease that does not cleave the wild-type F protein, is encoded; 

10 wherein the viral particle: (1) has the ability to replicate the 
genomic RNA in a cell to which the viral particle has been introduced; 
(2) shows a significant decrease in or lack of production of viral 
particles in the intrahost environment; and (3) has the ability to 
introduce the genomic RNA into a cell. that contacts with the cell 

15 transfected with the viral particle comprising the genomic RNA in 
the presence of the protease; said method comprising the steps of: 
(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in a cell expressing 
wild-type M protein of paramyxovirus; and 

20 (ii) collecting viral particles released into the cell culture 

supernatant . 

11. A method for producing a viral particle which comprises a genomic 
RNA of paramyxovirus wherein (a) a conditionally mutated M protein 

25 is encoded, and (b) a modified F protein, whose cleavage site sequence 
is substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild-type F protein, is encoded; wherein the viral 
particle: (1) has the ability to replicate the genomic RNA in a cell 
to which the viral particle has been introduced; (2) shows a 

30 significant decrease in or lack of production of viral particles in 
the intrahost environment; and (3) has the ability to introduce the 
genomic RNA into a cell that contacts with the cell transfected with 
the viral particle comprising the genomic RNA in the presence of the 
protease; said method comprising the steps of: 

35 (i) amplifying RNP, which comprises the N, P, and L proteins 

of the paramyxovirus and the genomic RNA, in cells under permissive 
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conditions for the mutant M protein; and 

(ii) collecting viral particles released into the cell culture 
supernatant . 

5 12. The method of claim 10 or 11, wherein step (i) is performed at 
35°C or below. 

13. The method of claim 10 or 11, further comprising the step of 
presenting the protease that cleaves the modified F protein during 

10 at least either of step (i) or (ii) ; or the step of treating the viral 
particle collected in step (ii) with the protease. 

14. The method of claim 10 or 11, further comprising the steps of 
expressing the wild-type F protein of paramyxovirus in the cell during 

15 step (i); and presenting the protease that cleaves the wild-type F 
protein during at least either of step (i) or (ii); or the step of 
treating the viral particle collected in the step (ii) with the 
protease . 

20 15. A therapeutic composition for cancer comprising the complex of 
claim 5 and a pharmaceutically acceptable carrier. 

16. A recombinant modified paramyxoviral F protein comprising 
Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 

25 showing cell fusogenicity in the presence of matrix metalloproteinase 
or plasminogen activator. 

17. A nucleic acid encoding the protein of claim 16. 

30 18. A viral particle comprising the protein of claim 16 or a nucleic 
acid encoding the protein. 

19. A fusion protein having cell fusogenic activity and comprising 
the transmembrane regions of the paramyxoviral F and HN proteins, 
35 wherein the proteins are bound to each other on the cytoplasmic side. 
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20. The fusion protein of claim 19, wherein the sequence of the 
cleavage site of the protein is substituted with a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein. 

5 21. A nucleic acid encoding the protein of claim 19. 

22. A vector comprising the nucleic acid of claim 21. 

23. A viral particle comprising the protein of claim 19 or a nucleic 
10 acid encoding the protein. 
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ABSTRACT 



The present invention provides cell fusogenic vectors having 
replicative ability, whose protease-dependent tropism has been 
modified. M gene-deficient viral vectors encoding modified F 
proteins, in. which the cleavage site of the F protein of paramyxovirus 
is modified to be cleaved by different proteases, were produced. In 
cells transfected with these vectors, the genomic RNA present in the 
vectors is replicated, and cell fusogenic infection spreads to 
neighboring cells depending on the presence of other proteases; 
however, no viral particles are released. The vectors of this 
invention, encoding the F proteins which are cleaved by proteases 
whose activity is enhanced in cancer, show cancer growth suppressive 
effect in vivo. 
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